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FOREWORD 


The National Curriculum Framework (NCF) - 2005, 
recommends that children’s life at school must be linked 
to their life outside school. This recommendation has 
been implemented in the new textbooks published since 
2006, in all major subjects. In the context of environment- 
related awareness, NCF-2005’svisionimpliesanapproach 
which cuts across the traditional boundaries separating 
one subject from another. According to this approach, 
knowledge of environmental concerns and the activities, 
which might deepen this knowledge and develop a 
positive attitude, need to be infused in the subject matter 
of all areas of the school curriculum at different stages. 
The National Focus Group on Habitat and Learning, 
which amplifies the NCF-2005 perspective, says: “The 
human habitat displays tremendous variability in space 
and time and its understanding has to be locale specific 
albeit in the context of a global vision. A great deal of the 
knowledge of the environment lies with India’s barefoot 
ecologists, the people at the grassroots...” 

NCF-2005 perceives school children as ecologists 
in their own right who need to be nurtured by a 
flexible school routine and teachers who engage with 
children in the construction of knowledge. In addition 
to the environment-related subject matter and activities 
incorporated in the syllabus and textbooks of all the major 
subjects, the National Council of Educational Research 
and Training (NCERT) has now decided to bring out 
project-based syllabus for the higher secondary stage. 
The present Teacher’s Handbook provide guidelines for 
its transaction. This book attempts to build capacity for 
critical and multi-disciplinary thinking and a positive and 
problem-solving attitude. It aims at exposing students 
to the real-life world around them, both in nature and 
society, in order to enable them to examine, assess 
and interpret the problems and concerns related to the 
environment. The ultimate goal is to promote a socio- 
cultural ethos which facilitates India’s attempt to pursue 
the path of ethically sound and sustainable development. 
The activities included in this book requires extensive 
and continuous observation and documentation which 
would enable students and teachers to notice patterns 
in phenomena. Uploading of the results of such projects 
on publicly accessible websites will gradually help the 


nation to create a transparent and comprehensive 
database on the environment. 

The success of this effort crucially depends on 
the interest and encouragement that school principals, 
teachers, parents and civil society in general show 
for encouraging children to carry out the projects 
and activities outlined in the book. It is extremely 
important that students’ project work is assessed in 
a holistic manner, giving due regard to the motivation 
and enthusiasm of each student rather than through 
the conventional system of evaluation which ignores 
individuality and originality. 

NCERT appreciates the hard work put in by the 
Handbook Development Committee in preparing this 
series and we are especially grateful to Professor Madhav 
Gadgil, Chairperson, Advisory Group in Environment 
Education for guiding the work of this committee. Several 
teachers contributed to the development of this book; we 
are grateful to their principals for making this possible. 
We are indebted to the institutions and organisations 
which have generously permitted us to draw upon their 
resources, material and personnel. NCERT is thankful to 
Professor Mrinal Miri and Professor G.P. Deshpande who 
co-chaired the National Monitoring Committee appointed 
by the Ministry of Human Resource Development to 
oversee the implementation of NCF-2005. We thank 
Dr Kiran Chhokar, Programme Director, Centre for 
Environmental Education, Delhi, for her invaluable 
inputs during the meeting of the National Monitoring 
Committee. As an organisation committed to systemic 
reforms and continuous improvement in the quality of its 
products, NCERT welcomes comments and suggestions 
which will enable us to undertake further revision and 


refinement. 


Director 
New Delhi National Council of Educational 
9 January 2009 Research and Training 


PREFACE 


Environmental issues can be appreciated only in the 
broader context of the system as a whole; not only in 
terms of trees and tigers or greenhouse gases and rise 
of global temperature; but also in terms of people and 
the demand they generate for tiger skin coats and the 
institutions combating as well as promoting poaching; 
or people and the demand they generate for cars and 
motorbikes and the institutions combating as well as 
promoting global warming. This Handbook, therefore, 
begins with a concrete case study illustrating how 
one may view environmental issues from a systems 
perspective. The case study also provides several 
systems diagrams to demonstrate how to organise 
and depict one’s understanding of the overall systems 
context. The teachers are encouraged to emphasise this 
systems view and try to apply it in teaching the various 
topics in the syllabus. The students are expected to have 
acquired adequate understanding of the basics of the 
various topics by tenth standard, and it is not expected 
that at this stage we go into any additional material. 
Rather, the students may be given a comprehensive 
systems view of the environment while dealing with these 
topics. Thus, they may be asked to generate systems 
diagrams similar to those provided in the introduction 
in relation to various aspects of the different syllabus 
topics being studied. 

Another notable feature of environmental issues 
is their tremendous variability. Every year floods of 
Brahmaputra take on new manifestations, each wheat 
field of Punjab or rice field of Kerala has its own set of 
weeds, soil micro-organisms, beneficial animals such 
as spiders, as well as insect pests. Each day problems 
of traffic congestion on streets of Delhi, Mumbai or 
Chennai take on new forms. These details are important 
and environmental issues are therefore best appreciated 
in terms of first-hand experiences. The curriculum, 
therefore, emphasises student activities as the main 
vehicle of learning. The Handbook suggests that these 
activities are best formulated as testable hypotheses. A 
set of exemplar hypotheses is presented in the Handbook. 
These are meant to be framed in such a fashion that 
one can come up with a set of observations, which 
would be practically feasible as student projects, and 


which can lead to either confirmation or rejection of the 
hypothesis under consideration. What is important is 
that the hypotheses should be testable; it is not essential 
that they are necessarily valid. Indeed, many hypotheses 
could very well be rejected, for they are primarily meant 
to stimulate thinking, and investigation. Such student 
activities cannot, of course, lead to definitive conclusions. 
However, it is hoped that they could contribute to 
a gradual advancement of our currently very limited 
understanding of status and ongoing changes in 
India’s environment. 

We wish to emphasise that the set of hypotheses 
and the ancillary methodology suggested in the Handbook 
is merely illustrative. While teaching the various syllabus 
topics the teachers and students should continually 
attempt to come up with similar testable hypotheses 
appropriate to their own local context in the light of the 
topic. The teachers are encouraged to be creative, and 
to stimulate the students’ creativity so as to generate 
a whole range of new hypotheses pertinent to different 
syllabus topics and to the tremendously variable local 
context of our vast country. 

The world, and with it India, is moving into the 
Information Age, an age of openness and transparency. 
This has tremendously enhanced everyone’s access 
to information and more importantly opened up the 
possibilities of ordinary people, not just experts, 
participating in generation of knowledge. World Wide 
Web and the new Web 2.0 technology is a key to this 
enterprise of collaborative knowledge generation. The 
Handbook explores these possibilities in the section on 
Information Management. All the schools are encouraged 
to set up their own websites, or become associated with 
another appropriate website and upload results from the 
student projects on the web. Such transparency would 
not only help augment other citizens’ understanding of 
environmentalissues; it willenhance student’s motivation 
by opening up possibilities of public recognition of her/ 
his contribution. The schools may additionally set up wiki 
sites and invite all interested citizens, as also experts to 
add value to the material from student projects posted 
on such sites. NCERT will also endeavour to support 
such attempts through material made available on its 
own website. 
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NOTE TO THE TEACHERS 
Dear Teachers 


You must perhaps be aware the National Curriculum 
Framework (NCF)-2005 envisages that learning in all 
the three domains—cognitive, conative and affective—be 
imparted without unnecessarily increasing the curriculum 
load on the child. Also the National Policy on 
Education (NPE)-1986, directs that all national 
concerns and issues to promote values such as 
India’s common cultural heritage, egalitarianism, 
democracy and secularism, equality of the sexes, protection 
of the environment, etc., should cut across the different 
curricular areas. Accordingly, NCERT has taken care that 
environmental concerns are infused in different curricular 
areas in a graded manner till Class X. Different activities 
and project works are suggested in the textbooks to provide 
live contact with the world around them. 


At the higher secondary stage, to ensure the 
continuation of proactive action towards the environment, 
NCERT proposes a project-based compulsory qualifying 
course comprising a core and projects for all students. 
The core focuses on interconnected nature of the 
physical-biological-social-economic system pertinent to 
environmental issues. The core course, detailed under 
seven major topics would be tackled through deliberations 
and presentations in a seminar mode. It is suggested 
that a class may be divided into seven groups and a 
topic may be assigned to each group. Group members 
may choose a group leader if they wish. The group will 
prepare on the topic in consultation with the teacher. 
The group will present a seminar on the topic where all 
other groups will also be present. The concerned teacher 
will evaluate the group giving the seminar and also the 
groups reacting to it, and keep a record. So, there will 
be a continuous evaluation of the understanding of 
different groups while the core components are being 
transacted. One period per week will be allotted for these 
sessions. On completion of the core course children will 
be assessed on similar lines (the chapter on evaluation 
discusses in details the assessment procedure). 


All students will do at least one project under the 
guidance of a teacher. An individual student or a group 


of students may select a topic for the project. Students 
need to develop a working hypothesis and prepare a 
detailed project proposal. The project proposal will 
include the calendar of activities to be undertaken. The 
teacher facilitator will closely monitor these activities. 

All teachers will act as facilitators from the inception 
to the completion of the project irrespective of the area of 
specialisation she/he is associated with teaching at the 
higher secondary stage. One teacher will be associated 
with a maximum of ten students per class but the number 
can vary depending on the situation. The teachers as 
facilitator will closely monitor the working of the project 
and keep a record of it. 

On completion of the project the student will produce 
the report. In case of group project the teacher will 
keep a record of the different tasks performed by the 
group members. However, a joint project report will be 
presented for evaluation. 

The project-based learning would ensure learning 
in the affective domain which would bringforth good, 
sensitive, rational citizens. 
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UNIT 


Systems 
Perspective 


Introduction 


Environment, the Oxford English Dictionary says, 
is the sum total of influences, which determine and 
modify the character and development of life. It is 
all that moulds humanity and is, in turn, moulded 
by humanity. To appreciate environment, therefore, 
one must view the whole system. A system is a set 
of connected, interdependent objects that forms a 
complex unity. So, one must begin with visualising 
the components, the objects, which would constitute 
the environment. These may, of course be defined 
variously from different perspectives. For our purpose, 
we will focus on institutions, people, knowledge, 
artefacts, geosphere (including the sub-components 
of atmosphere, hydrosphere and lithosphere), biosphere 
(including the sub-components of ecosystems, biological 
populations), energy, material and information flows 
as the system components. All these components and 
their sub-components are in continual flux, interacting 
and influencing each other, over space and over time. 


Uttara Kannada: A Case Study 


Let us consider a concrete example to appreciate 
this system approach. For this, let us move to Uttara 
Kannada, situated near the centre of the hill chain of the 
Western Ghats, where the coastal strip is at its narrowest 
(Fig. 1). At one time, before the Second World War this 
was a thinly populated, highly malarious district with an 


extensive forest cover. The Second World War was a trigger 
for launching a serious war on this dreaded disease. So, 
during the war chemists came up with the new organic 
molecule of Dichloro Diphenyl Trichloroethane (DDT) 
that was highly effective in control of mosquitoes. India 
became independent at the end of the war, and ten years 
after the war ended, DDT was pressed into service to 
eradicate malaria throughout the country. Terais at 
the foot of Himalaya, Wynaad in Kerala, and Uttara 
Kannada were some of the erstwhile highly malarious 
regions that were made free of the dreaded disease. The 
decades of 1950s and 60s were a time when India’s 
human population began to register a rapid increase, 
when it was vital to step up food production, and when 
the country launched on a serious drive to industrialise 
and to enhance irrigation and power production. 


EASTERN 
HIMALAYAS 


Fig. 1: The position of the district of Uttara Kannada 
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Development at all Costs 


Uttara Kannada was a district rich in forest resources, 
manganese ore and with its high rainfall, in potential 
for generation of hydroelectricity and provision of 
irrigation water. As soon as the impediment of malaria 
was removed, there were concerted attempts to develop 
these resources. The country was in a hurry to catch 
up on attaining independence, and the prevailing 
philosophy was “development at all costs”. These 
supposedly acceptable costs included environmental 
costs, and industry was supplied resources at highly 
subsidised rates and permitted to pollute with impunity. 
In the organised sector, the district quickly attracted 
manganese mining, a ferromanganese plant, a paper 
mill, several irrigation projects and a major hydroelectric 
project complex. It also attracted an influx of cultivators 
who largely took to paddy cultivation in the wetlands, and 
of herders maintaining buffaloes and cattle in the forest 
tract. While the activities in the organised sector were 
officially sanctioned, and indeed supported with provision 
of resources at highly subsidised rates, the activities of 
cultivators and herders entailed encroachment on state 
forest land and therefore were illegal. 


Failures to Sustain Development 


This was not a sustainable pattern of development and it 
largely passed on the costs associated with environmental 
degradation to the weaker segments of the society. Thus 
the paper mill that was supplied bamboo at a nominal 
price of Rs 1.50 per tonne, quickly ran out of bamboo 
resources of the district. It however had the option of 
bringing in raw material from as far away as Meghalaya 
or switching to farm grown eucalyptus. In the process, 
the quality of rural housing that depended substantially 
on the local bamboo suffered, as did the basketweaving 
community. The release of paper mill effluents in the 
Kali river rendered its water unfit for use by villagers and 
their cattle, and resulted in fish kills. When farmland 
was submerged under river valley projects, the farmers 
were initially resettled on forest lands without any proper 
compensation or rehabilitation measures having been 
put in place. 

To begin with, the buffalo-cattle keeping herders of 
Gavli community migrating from Maharashtra Western 
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Ghats to the north prospered, with abundant grazing on 
the forest floor enhanced by the initial opening up of the 
forest canopy to supply raw material to the forest-based 
industry. The forest was at first rich in bamboo and its 
loppings provided good fodder. However, the bamboo 
was rapidly depleted after the establishment of the 
paper mill. Meanwhile, there were other consequences 
of the World War II. DDT had been developed to help 
the troops fighting in the jungles of South-East Asia to 
protect themselves against malaria. These forests had 
been invaded by Eupatorium, a composite weed of South 
America. Many Indian soldiers from the southern state 
of Kerala were part of the British army fighting in South- 
East Asia. Therefore, some seeds of Eupatorium reached 
Kerala as they returned home at the end of the war. 
This Eupatorium promptly began its northward march 
and reached Uttara Kannada some 25 years later. The 
opening of its forest canopy following excessive industrial 
exploitation had created ideal conditions for Eupatoriumto 
establish itself and it rapidly took over the forest floor. The 
large biomass of the annual Eupatorium fuelled intense 
forest fires in the dry season, suppressing regeneration 
of trees. All these changes meant a drastic reduction in 
the availability of grazing for livestock. Buffaloes require 
substantial quantities of fodder, cattle can manage with 
a little less, while goats can survive under much worse 
conditions. Consequently, the composition of livestock 
of Uttara Kannada district shifted from a dominance of 
buffaloes and cattle to that of goats with a more adverse 
influence on forest growth. As the economic conditions 
of the herders deteriorated, they shifted from selling of 
butter, to selling of milk, and then to that of Khoya using 
firewood extracted from forests. In parallel, there was 
substantial extraction of raw material for polyfibre and 
plywood industries as well, at highly subsidised rates, 
and at levels that were unsustainable. All of this meant 
far-reaching changes in the forest cover with a drastic 
reduction in the standing biomass of trees. The larger, 
shade tolerant, evergreen tree species were replaced by 
smaller, sun loving deciduous species and weedy plants 
like Eupatorium. 


Nature Conservation 


At the same time, substantial tracts of forests were 
diverted for river valley projects, in particular, the 


@ TEACHERS’ HANDBOOK ON ENVIRONMENTAL EDUCATION 


giant Kali hydroelectric project involving a number 
of reservoirs. The forests thus submerged, as also the 
land deforested to set up the paper mill township were 
rich in wildlife, including elephants. To compensate 
this loss of wildlife habitat, a large wildlife sanctuary, 
encompassing nearly half the district was established. 
This affected many habitations, and the difficulties were 
compounded by escalating crop raiding by elephants, and 
other wild animals affected by a loss of habitat and its 
fragmentation. The resulting protests by people led to a 
reduction in the area of the wild life sanctuary to less than 
15 per cent of its original extent. Uttara Kannada also 
harboured a large number of sacred groves with primaeval 
vegetation, some as large as 400 hectares. These enjoyed 
considerable immunity from human interventions 
on grounds of religious beliefs. However, they had no 
official sanction, nor was their role in the conservation of 
biodiversity recognised. As the state-owned forests were 
depleted, these sacred groves represented rich sources of 
raw material, especially of evergreen species favoured by 
the plywood industry. Consequently, they were clear felled 
and replaced by monoculture plantations of fast growing 
exotic species. In parallel, the freshwater biodiversity was 
adversely impacted by the effluents from the paper mill 
and the ferromanganese plant, along with sewage from 
Hubli city. 


Systems Perspective 


This example illustrates well how vital is the systems 
perspective in understanding of the environmental 
issues. We propose to view the system in terms of 
interactions of institutions—people-knowledge—concerns- 
activities—artefacts—geosphere—-biosphere-energy, 
material-information flows. Consider the post-Second 
World War story of Uttara Kannada district from this 
perspective. This Second World War was a conflict 
amongst the institutions of nation states over access to 
resources of the world. In particular, it was a struggle 
amongst the industrialised nations for resources of the 
non-industrialised world being governed as colonies. The 
scientific manpower of the warring nations was drawn 
into it to help enhance the efficiency of the war activities. 
This scientific establishment had developed knowledge 
of mosquitoes as vectors of malaria. The warring nations 
had concern for the health of people—often from 
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colonies—serving as soldiers, suffering from malaria in 
the South-East Asian corridors of war. The geosphere- 
biosphere complex of South-East Asia was so structured 
as to favour large mosquito populations, and prevalence 
of endemic malaria. In many ways these paralleled the 
conditions in the geosphere-biosphere complex of Uttara 
Kannada, which also supported endemic malaria. But 
British rulers of India did not have the level of concern 
for the health of ordinary people of colonies as they had 
for the health of soldiers. The concern for the health of 
soldiers led to manifold scientific activities including 
chemical research that led to the discovery of an artefact, 
the organic molecule DDT, as an effective mosquito 
control agent. The global material-information flows after 
the war led to effective malaria eradication programmes 
in Uttara Kannada district because the institution of 
independent Indian state was concerned far more about 
the health status of its citizens, leading to activities like 
Public Health programmes. The successful execution of 
the malaria eradication programmes opened up Uttara 
Kannada district to a whole new set of human activities 
that radically altered its environment (Fig. 2). 

Consider another set of interconnected events with 
manifold impacts, beginning with the institutions of 
supply of milk and milk products in the unorganised 
sector. A significant component of these institutions 
were people in the colonies of Gavlis; herders that 
had maintained populations of buffaloes and cattle in 
malaria-free forest ecosystems of Maharashtra Western 
Ghats for many generations. They had developed the 
knowledge, the set of activities, the artefacts suited to 
the prevailing conditions of that geosphere-biosphere. 
A very small numbers of Gavlis did live in the Uttara 
Kannada district when it was still malarious. No sooner 
had malaria been eradicated, the news reached, the 
information flowed to Gavli colonies, north of Uttara 
Kannada. These people had concern for better fodder 
for their livestock populations, and had acquired 
the knowledge that there were extensive fodder rich 
territories, now free of the constraining factor of 
malaria. This triggered large scale movements of Gavlis 
and their livestock into Uttara Kannada. 

For Gavlis bamboo was an important resource in many 
ways; as a house construction material, as raw material 
for fabrication of a variety of implements, as lopped 
leaf fodder in the dry season. Bambusa arundinacea, 
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malaria during Second World War 


the predominant bamboo species of Uttara Kannada, 
naturally develops a thorny covering at its base. Gavlis 
possessed the knowledge that this covering is important 
to protect new shoots from being destroyed by porcupines, 
monkeys, pigs and cattle. Their harvesting activities, 
motivated by the concerns to sustain bamboo populations 
therefore entailed cutting bamboos above the thorny 
covering, leaving the thorns intact. Basket wearers and 
other local people also did so. Into this scene was brought 
in the activity of bamboo harvest by the new institution 
of the paper mill. This was based not on traditional, but 
on modern, supposedly, scientific knowledge. The mill’s 
knowledge was not grounded in careful scientific studies, 
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but rather driven by its concerns to harvest bamboo 
at as little cost as possible. They did not appreciate 
the natural role of thorns and viewed it as a nuisance, 
and paid their labourers to undertake so-called “clump 
cleaning” activities of removal of the thorny basal cover. 
This exposed the bamboo clumps to severe destruction of 
young shoots and became a major cause of rapid decline 
of bamboo populations of Uttara Kannada district. Since 
bamboo was a very important component of the biosphere, 
its depletion radically altered the environment of Uttara 
Kannada (Fig. 3 and 4). 


Ecological Organisation of Indian Society 


Finally, consider the ecological organisation of the Indian 
society and its patterns of resource use from a systems 
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perspective. For this purpose, one may divide the people 
of the country into four major classes in the context of their 
relationships to the resource base, namely, (a) rural poor, 
comprising small and marginal farmers practicing rainfed 
agriculture, herders, artisans, forest produce collectors, 
artisanal fisher folk and landless agricultural labourers, 
(b) rural well-off, primarily owners of good sized irrigated 
agricultural land, (c) urban poor, primarily those subsisting 
on wages in the unorganised sector, and (d) urban well- 
off, primarily employed in the organised sector. Figure 5 
depicts the functioning of each of these four classes. 

The first class, the rural poor, belongs to the category 
of ecosystem people in the terminology of Dasmann. They 
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obtain the bulk of resources they use from a rather limited 
resource catchment surrounding their habitations. Their 
ecological footprints are small. The urban and rural 
well-off, on the other hand, access resources from a vast 
catchment; water from reservoirs hundreds of kilometers 
away; energy from petroleum brought in from all over the 
world; consumer goods, fruits and nuts from all continents. 
Dasmann terms them “biosphere people” — people who 
use resources of the whole biosphere. They have large 
ecological footprints. Gadgil and Guha suggest that it may 
be more appropriate to call them “omnivores”. The fourth 
category of urban poor largely derives from people who have 
out-migrated from rural areas because of their inability 
to obtain an adequate livelihood, largely because of 
environmental degradation. Gadgil and Guha call them 
“ecological refugees”. 

This societal organisation has a number of 
consequences. One of these is the widespread prevalence 
of sequential exhaustion of non-renewable and sequential 
over-exploitation of renewable resources. Mining provides 
a classic example of the first category. Miners first exploit 
the ores closest to the surface and in the most easily 
accessible localities. They, of course, did so in Uttara 
Kannada district as well. However, renewable resources 
such as groundwater, fish or forest raw materials need 
never be overexploited. The actual patterns of exploitation 
are an outcome of interplay of many factors in the whole 
social-economic-political-physical-biological system. 


Prudent and Profligate Resource use 


People, by and large, are concerned with and pursue 
self-interest. They are unlikely to be motivated to use 
renewable resource populations in a prudent, sustainable 
fashion: (a) if their resource catchments are vast, so that 
degradation of any particular portion affects them very 
little; or (b) if they have open before them possibilities 
of substitution as any one resource element is depleted; 
or (c) if their control over the resource base is tenuous, 
so that others may, at any time, deplete a resource they 
value, even if they use it in a restrained fashion. Indeed, 
exhaustive use is highly likely when any one of these 
three conditions obtains. It is only when people perceive 
their resource catchments as limited, possibilities of 
substitution of exhausted resource elements as not 
readily feasible, and their own control over the resource 
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Fig. 5: The ecological organisation of the Indian society 


base as secure, will they be motivated to use the resources 
in a prudent fashion. 

Ecosystem people, rooted in a locality, and retaining 
control over their resource base are most likely to fulfil all 
the three prerequisites for sustainable resource use; and 
therefore to behave in ways conducive to conservation 
of biodiversity of their own localities. The small scale, 
rural communities of India, with their manifold local 
traditions even today engage in a number of practices 
of restraint on the use of biological resources such as 
sacred groves. On the contrary, none of these conditions 
obtains in case of activities of modern institutions of 
biosphere people such as paper mills. The modern 
organised sector depends upon extensive use of energy 
sources other than firewood, animal and human muscle 
power, especially fossil fuels along with hydroelectric 
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and nuclear power. These additional sources coupled 
to sophisticated machinery, processes and systematic 
efforts at generation and application of new knowledge 
imply tremendously greater possibilities of resource 
processing, transport and use for the elite controlling 
this technological apparatus. In consequence, their 
resource catchments are vast, so that degradation of any 
particular portion affects them very little. At the same 
time, they have open before them many possibilities 
of substitution as any particular resource element is 
depleted. Under these circumstances, the organised 
sector has no motivation for sustainable resource use. 
The modern industrial system has set up resource 
demands vastly greater than at the pre-industrial stage. 
Along with advances in storage and transport, this means 
a great pressure on the resources of the countryside 
resulting in large energy and material outflows. These 
outflows have progressively depleted the resource base 
accessible to village communities. The technologies 
accessible to the elite also render many of the activities, 
earlier undertaken in a decentralised fashion on a small 
scale, obsolete. Thus, oil pressing and cotton spinning, 
river transport and country boat fishing, basket-weaving 
and lime making, nomadic sheep rearing and dispensing 
herbal medicines have all become unviable as village level 
activities. With the diverse natural resource base depleted 
and with many traditional activities no longer viable as 
a source of livelihood, members of the multiplicity of 
subgroups in rural India have increasingly come to focus 
on a single, terribly overcrowded activity - cultivation 
of land, either as owners or as wage labourers, with 
consequent degradation of agricultural tracts. 


State Subsidies 


While the ecosystem people of Indian countryside thus 
find themselves in a bind, the elite has been vigorously 
pursuing a process of development that focuses on 
intensification of resource use all over the country. This 
intensification primarily takes the form of organisation 
of state subsidised flows of resources to three sectors 
dominated by the elite - the industry, organised services 
including bureaucracy, and intensive agriculture. The 
state supported flows of resources are organised by a 
three-way alliance of the beneficiaries of subsidies (the 
industrialists, larger landholders in irrigated tracts, urban 
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population in the organised sector), the administrators 
of the subsidies (the bureaucracy), and those who decide 
on who benefits at whose cost (the politicians). But 
subsidies ultimately have to be at somebody’s cost and 
the victims inevitably are the people excluded from this 
alliance; the small landholders, landless agricultural 
labourers, village artisans, tribals and nomads, and 
finally urban slum dwellers derived from an exodus from 
amongst these people to the cities. 

The subsidies are huge and manifold, and have 
operated at the expense of the capital stock of country’s 
resource base and of the ecosystem people still largely 
dependent on the natural resources of their immediate 
vicinity. Thus paper mills receiving bamboo at less 
than one thousandth of its market price have rapidly 
exhausted bamboo stocks; the sufferers are large 
communities of basket-weavers. Landlords pay little for 
the electricity that runs their pumpsets and city dwellers 
receive water at 5 per cent of what it costs the state to 
bring it to them; at the same time small peasants whose 
lands are submerged under dams to provide this water 
and power are totally inadequately compensated. Union 
Carbide was subsidised by not having to bear the cost 
of adequate compensation to victims of Bhopal gas 
tragedy—the poor slum dwellers. 

Given the large magnitude of subsidies nobody has a 
stake in efficient resource use — neither the consumers 
who are any way not paying for what they receive, nor 
the bureaucracy or public sector who are in charge of 
managing the resource base. All of this means that the 
process of development has been a highly wasteful one 
with its fruits remaining by and large in the hands of 
narrow elite. The elite that has thus cornered the benefits 
of developments is highly localised, in the tracts of green 
revolution and in a few metropolitan cities. The oceans of 
poverty surrounding these islands of prosperity are quite 
naturally at loggerheads with it. 


Rays of Hope 


Fortunately, there are forces opposing these tendencies, 
forces that are gathering strength, as democracy strikes 
deeper and deeper roots in India’s open society. Out of 
these forces have come experiments like Joint Forest 
Management (JFM) and thousands of spontaneously 
formed Village Forest Committees of Orissa, which 
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have locally turned around the tide of environmental 
degradation. 

There is no doubt that reversing the present trend 
of inefficient resource consumption is one of the most 
important and essential pre-requisite if we wish to 
protect the rights of our future generations and attain the 
ardent objective of attaining sustainable development. 
Education can play a vital role in this endeavour by 
preparing well sensitised responsible citizenry, with a 
good understanding of various forces operating in the 
environment and their consequences. 
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The syllabus for the core course on environment education 
for higher secondary stage has been reproduced in 
Annexure-I. The syllabus perceives environment as an 
interconnected system of a variety of components namely 
people, institutions, knowledge, artefacts, geosphere 
(atmosphere, hydrosphere, lithosphere), biosphere 
(ecosystems, biological populations), energy, material, 
and information flows. In order to comprehend the scope 
and coverage of each of the topics, a brief writeup is 
presented here. 


Chapter 1 


PEOPLE AND 
ENVIRONMENT 


1.1 Humans as an Integral Part of the 
Environment 


The introductory section of this Handbook very well 
brings out how humans mould the environment and 
are, in turn, moulded by it. They are very much an 
integral part of the environment. The quality of life of 
individual human beings hinges on the quality of the 
environmental matrix in which they are embedded. The 
institutions they construct, whether it be industries or 
judiciary determine the quality of this environment. In 
turn, people construct institutions such as the Pollution 
Control Boards in response to the quality of their 
environment. Individual as well as institutionalised 
knowledge, whether of fishing or of pesticides, often 
relates to environment and significantly impacts it. 
Many of their concerns, such as drinking water or traffic 
congestion relate to environment and prompt activities 
that impact the environment (see figure 1.1a). 


1.2 Growth in Human Numbers over 
Historical Times 


The change in number of individuals per unit area in a 
given locality is an important variable that has linkages 
with several other components of an ecosystem. This 
variable indicates that the population of a particular 
species varies along two dimensions. For example, human 
population is dense in the fertile doab of Ganga and 
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Fig. 1.1a: The Humans as an integral 
component of the environmental system 


Yamuna plains, but it decreases as one moves along the 
rivers to their origins in the Himalayas. Now imagine the 
scenario of western Punjab along the Indus river where 
Harappan population thrived around 2000 sc. During 
that period the eastern region of Indus around Kalka in 
the Shivaliks, was a barren land. Presently, the latter 
area is densely populated by human habitation. This 
second dimension, indicates change over a period, long 
or short, and is the measure of growth of a population. 
The rapid increase in human population for the last 
one thousand years or so has become a common concern 
for the world today. This growth in human numbers is 
now regularly monitored through the census surveys 
and forms the basic component of the planning process 
all over the world. Demographers have been speculating 
about human numbers over its long journey from the 
dawn of cultural evolution. Their estimates suggest world 
population between one to five million around 10,000 Bc. 
Though, man was still a hunter-gatherer, cave art had 
probably begun. However, itis more instructive to visualise 
the scenario of human numbers from 4000 Bc, after 
a gap of every thousand | 
years, to the beginning 
of this century. This was 
the beginning of irrigated 
ploughing and the use of 
implements made of metals. 
The estimates are of about 
seven million human beings 
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in various parts of the world, which almost doubled every 
one thousand years. By 1 AD there were more than 170 
million human beings on this earth (Fig. 1.2a). 

By 1 aD, human beings had acquired enough skills 
and tools to manipulate the natural world and to some 
extent had begun to carve niches, which were entirely 
man-made. This led to a faster growth of population, 
which is indicated by an addition of more than 
one hundred million members to human numbers, by 
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Fig. 1.2a: Growth in human number over historical times 


1000 ap. By then various civilisations of human beings 
were prospering in different parts of the world, and man 
was ready to take a grand leap. The next one thousand 
years saw unprecedented growth in human numbers, 
from around 300 million to 6000 million spread almost 
in every natural niche and also other erected niches by 
man himself. It was the dawn of an industrial revolution, 
which tremendously boosted the growth of human 
population, a trend, which continues even today. The 
human population increased by 2000 million in a span 
of just 25 years between 1975 to 2000. 

At this moment, it is important to ponder upon the 
consequences of this staggering number of human beings 
on the planet earth, which has a finite space and more 
or less finite resources. There are different schools of 
thought, besides the environmental scientists, who are 
deeply worried about the future of human society. This 
situation is further compounded in the unprecedented 
success of human societies in consumption of natural 
resources, gaining success over its natural enemies, and 
above all creating an artificial environment for its survival. 
One school of thought advocates stringent measures 
to control human numbers as it is a threat to natural 
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resources on the earth. The other school of thought does 
not consider growth in numbers as a big threat, but 
instead it views the culprit as the mechanisms that fail 
to maintain sustainable use and egalitarian distribution 
of natural resources. 

The science of ecology, however, envisages that 
it is wiser to keep track of human numbers, and 
also of inhibitory feedback loops. The latter includes 
environmental, social and psychological factors, rather 
than simple physical control mechanisms. Consideration 
of these factors takes us beyond the Malthusian fallacy. 
Thomas Malthus, in the eighteenth century thought 
that the growth in human numbers would outstrip 
the growth in food supply, but it did not happen. This 
is not to deny that human numbers have not created 
problems for the quality of life and welfare of all. This is 
where the phenomenon of demographic transition has 
some significance. The demographic transition is the 
process of stabilisation of population growth in the more 
highly developed countries. This theory explains the 
stages of demographic transition in terms of economic 
development through pre-modern, early industrial, 
mature industrial and post-industrial stages. The last 
stage is characterised by a higher, but stable population 
size. Birth rates and death rates are both low. The 
standard of living is much higher than during the early 
periods. Most of the developed countries have undergone 
a complete demographic transition. 

The scenario in large part of the world is worsening as 
the inequality in the use of resources by various human 
groups, is on the increase. Thus a large section of this 
human number is living under the conditions, which 
may even be worse than the hunter-gatherer stage. 
It is not only hunger that may be intensified further 
as human number crosses 9.4 billion mark by 2050, 
the technological innovations may further destabilise 
demographic structure of population through gender 
bias. For example, the thesis that basic education would 
reduce gender bias has been refuted in two states of 
India, the coastal Kerala and the mountainous Himachal 
Pradesh. These finer issues need a closer look. 


1.3 Migrations of People 


Social animals, including human beings form various 
levels of aggregations. Each group adapts to the 
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surrounding area. Over a period of time, population of 
these groups changes due to birth, death and migration 
of individuals. In humans the groups of people have 
various forms due to cultural evolution. These groups 
identify themselves with a particular village, town, city 
and country. Furthermore, they identify with social, 
cultural, religious and technological advancements. This 
makes the process of migration of human populations 
more complex than of the other social animals. The 
dynamics of human population depends upon two 
processes of migration: emigration, the movement of 
people out of certain area, immigration, the entry of 
people in an area. 


Factors of Migrations 


The factors contributing to movement of people from the 
place of their living may be classified in various ways. It 
includes the factors that are within the individual, for 
example, the curiosity of a person to search for a new 
place or country for a job. These factors also lie within the 
family, the search for better resources due to increase in 
the number of persons. It is also possible that the people 
of a village move away due to a disaster. People may also 
leave their place of stay or country due to ethnic or other 
conflicts. 

The other way of looking at this issue is in terms of 
push and pull factors. Push factors include — scarcity of 
jobs, few openings, primitive lifestyle, political turmoil, 
lack of medical care, religious disputes, loss of property 
and natural calamities. The pull factors include — job 
prospects, better lifestyle, choice of religion, political 
freedom, better education, good health care and secure 
living. 

Migrations of people are also dependent on the 
resource use. Humans have spent long time in history 
as hunter-gatherers living in a small area. The second 
long period of human history is marked by nomadic 
pastoralism. With the domestication of plants and 
animals it was possible to enhance resource use and 
move over a large area. For example, take the movement 
of Kanaora transhumant across the Himalayas, from the 
Tibetan plateau to the Ganga-Yamuna doab. The third 
stage of resource use is settled cultivation, where the 
major emphasis is to intensify the production of plant 
resources and consequent surplus production and the 
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remarkable complexity in social organisation. Though 
people lived in a small area, they moved long distances to 
sell their surplus produce. The fourth stage in resource 
use is the industrial mode that has appeared merely 200 
years ago. In this short period, characterised by increase 
in technical skills and knowledge base, the world became 
a single unit. People now migrate from one corner of the 
globe to the other, and are even planning to colonise 
other planets. 


Study of Migration 


Scientists are studying the migrations of human 
populations through genetic variations. The purpose 
is to explore human origins from patterns of genetic 
diversity among populations all over the world. Two 
hypotheses have been proposed for testing. The single 
origin hypothesis states that human beings have their 
origins in Africa from where they have migrated to 
other regions of the world. Homo sapiens colonised 
Africa about 100 to 150 thousand years ago, and they 
moved out of Africa around 60 to 70 thousand years 
ago. The alternate hypothesis assumes that the human 
populations originated in each continent and evolved in 
parallel. 

Two important tools of studying human migrations, 
the genetic and the linguistic, have their basis in biological 
and cultural evolution. Genetic affinities provide an 
important tool to study migrations of humans. Language 
is another tool to study migration of people. These two 
tools complement each other. 

In India, biologists have found that the subcontinent 
was populated by several waves of people (implying 
migration during different periods) speaking various 
languages (Fig. 1.3a). Biologists use genetic markers 
for tracing the migrations of various communities. For 
example, a major migration of Dravidian speakers to the 
Indian subcontinent probably occurred around 4000 BC 
from the Middle East with knowledge of cultivation of 
crops and domestication of animals. 


Future Scenario of Migration 


In U.S. and Europe the stock of migrating people is on 
the increase. The economic migrations are increasingly 
replaced by despair migrations. In general, the speed 
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Fig. 1.3a: Major migrations of people 
to Indian subcontinent 


of human migrations is increasing largely due to 
social factors such as poverty, wars and persecution. 
For example, in Europe, presently around 700 million 
Africans and 500 million people from the Middle East 
are seeking asylum. By 2030, these numbers will rise to 
1,400 and 1,000 millions, respectively. 

India in recent times has incensed a few major 
migrations of human populations. Huge population of 
people migrated immediately after partition in 1947. 
Migration of rural population to urban areas especially 
metropolises has been a continuous process since the 
last few decades. Millions of Indians have migrated 
to different parts of the world in search of better job 
prospects and quality of life. 


1.4 Dispersion of Human Populations 


Dispersion refers to the organised and/or unorganised 
spread and scatter of human habitation (and population) 
over wider geographical landscapes. Depending on the 
circumstances, dispersion is effected by gradual and/ 
or rapid migration from one geographical location to 
another, involving travel by land, water and air. Questions 
to ask are: 

What factors determine where humans live? 

Why do they settle down at a particular geographical 

location? 

Why do they continue to live there? 

Why do they move out? 


Factors Influencing Dispersion 


The dispersion of human populations across various 
regions of the earth has been the result of many deciding 
criteria, such as birth place, proximity to water, availability 
ofresources to support lifestyle besides natural calamities 
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such as earthquakes, famines, droughts, war and other 
historical reasons. 

It is important to note here that as long as there 
exists a force that draws a community to a particular 
location, it would continue to remain in that location. 
If changing circumstances, such as prolonged drought, 
industrial recession, or desertification, were not 
conducive to supporting a community, it would tend to 
migrate or perish. This would mean that sustainability 
of the community is fundamentally no longer feasible at 
that location. 


Water 


Modern human settlements (rural and urban) usually 
began as small informal clusters at a location conducive 
to supporting their lifestyle. These locations traditionally 
were situated close to water sources, such as rivers 
and lakes, which provided easy access to water, a 
fundamental resource necessary to support and sustain 
human activities. 


Employment Opportunities 


In modern times, economics and employment 
opportunities have been among the main forces 
attracting communities to form human settlements. 
Such settlements formed the business/commercial and/ 
or industrial centres. These centres develop in locations 
conducive to business and industrial activity, such as 
sea-coasts (to encourage imports and exports by sea), or 
mining towns situated in areas rich in minerals and ores. 
Such centres of commercial and/or industrial activities 
also provide ample employment opportunities, attracting 
communities, causing migration from other traditional 
settlements, and leading to the formation of suburban 
settlements. Modern cities depend on a strong network 
of infrastructure to provide basic human needs such as 
water supply and sanitation. 


Migration 


People from rural areas migrate to urban areas in search 
of better opportunities. But cities usually do not provide 
all of them with adequate food, clothing, housing, water 
and sanitation facilities. So, these rural immigrants, in 
order to sustain themselves, often turn to begging, and 
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sometimes even to illegal activities. These people are 
often compelled to live in slums within the cities or on 
the outskirts. 

People are also displaced from their original homes 
due to social or religious conflicts or wars. Due to the 
ethnic troubles in Sri Lanka in 1983, many Tamil 
speaking people fled the country, and settled down in 
India, Australia, and other parts of the world. Some fled 
from Germany during the late 1930s to different parts 
of the world. Similar reasons have caused thousands 
of Burmese, Afghans, Tibetans, etc. to live in India as 
refugees. 

There are very few places which are devoid of 
permanent human inhabitants. In many regions that 
are extremely arid or bitterly cold, the population may 
be spread very thin. The densest settlements are in the 
temperate and/or subtropical climates, in river valleys, 
and near sea-coasts. 


1.5 Rural and Urban Settlements 


Human settlements are geographical places inhabited 
by people. The 1976 Vancouver Declaration on Human 
Settlements defined human settlements as follows: 

“Human settlements means the totality of the 
human community - whether city, town or village - with 
all the social, material, organisational, spiritual and 
cultural elements that sustain it. The fabric of human 
settlements consists of physical elements and services to 
which these elements provide the material support”. The 
physical components of settlements comprise: Shelter, 
Infrastructure and Services. 

Shelter, i.e., the super structures of different shapes, 
size, type and materials erected by mankind for security, 
privacy and protection from the elements and for their 
singularity within a community. 

Infrastructure, i.e., the complex networks designed 
to deliver to or remove from the sheltered people, goods, 
energy or information. 

Services cover those 
required by a community 
for the fulfilment of its 
functions as a social body, 
=. such as education, health, 
culture, welfare, recreation 
and nutrition. 
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Human settlements are 
classified as village, town 
and city. India is by far a 
country of villages with a 
total number of 368,588 
human settlements classified 
as villages inhabited by 72.2 
per cent of its population. In 
India out of the total population of 1027 million as on 
lst March 2001, about 742 million live in rural areas 
and 285 million in urban areas. Around 5,161 human 
settlements in the country that are classified as towns 
and cities are urban settlements. Rural settlements in 
India can broadly be put into four types - 

1. Clustered, agglomerated or nucleated 

2. Semi-clustered or fragmented 

3. Hamlets 

4. Dispersed or isolated. 

The above classification is based on size, structure, 
population, built-up area and inter-settlement distance. 
Thus, a clustered rural settlement has groups of houses, 
which are closely packed; whereas a fragmented rural 
settlement is one in which the houses are widely spread 
across the boundaries of the village. 

The classification of urban settlements in India is 
shown in fig. 1.5a. 


Class Population No. of UAs Designation 
Size (Urban Areas) /Towns 


1, 1,00,000 and above 000 and above] 4930 


Class II |20,000 - 49,999 1,386 


Size 10 (in Gujarat) 
Unclassified 


Fig. 1.5a: Classification of urban settlements in India 
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Cities with a population of 1,000,000 (one million) 
and more are known as metropolitan cities and those 
between 100,000 and 1,000,000 are megacities. India is 
one of the fastest urbanising countries in this part of the 
world. The number of cities having a population of more 
than a million have gone up from 24 in 1991 to 35 in 
2001 is evidence to this change. 

The major differences in rural and urban settlements 
are represented in terms of land use, population 
densities, infrastructure, architectural form and 
lifestyles. The rural settlements have lower population 
densities and the land use is primarily agrarian. In urban 
areas land use is classified primarily under industrial, 
commercial, residential, and public utility. Urban areas 
have population densities that often reach as high as 
10,000 people per square kilometre in some parts of the 
settlement. 

Both types of settlements have their own benefits. 
Whereas urban settlements provide the goods and 
services to the population, the rural settlements are 
the food bowls of our country. Both urban and rural 
settlements face many environmental problems mainly 
arising due to pressure on resources, developmental 
activities, and infrastructure. 


1.6 Environment and Health 


The environment influences our health variously 
through exposures to physical, chemical and biological 
risk factors. It is quite appalling that, nearly more than 
60,000 new chemicals are being pumped annually into 
the environment. Most of these are synthetic organic 
chemicals, which are neither degradable nor safely 
disposable. They disturb the balance of nature and cause 
adverse impact on our health. 

Air pollution alone accounts for nearly 3 million 
deaths a year. Unclean water and poor sanitation kills 
more than 12 million people annually. Almost 90 to 95 
per cent of sewage and 70 per cent of industrial wastes 
are being dumped untreated into surface waters. It is a 
hard fact that about 80 per cent of our population do not 
have means for proper sanitation whereas more than 50 
per cent do not have access to potable drinking water. 

Particulate matter is known to cause adverse health 
effects like heart and lung disorder, respiratory illness, 
mortality and increased risk of cancer. Inhalation of 
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asbestos fibres can cause asbestosis and lung cancer, 
including a rare but lethal form called mesothelioma. 
The State of the World Population 2001 Report says 
that, “More people are using more resources with more 
intensity and leaving a bigger ‘footprint’ on the earth than 
ever before”. Increased carbon monoxide and carbon 
dioxide emissions are leading to a global warming trend 
that will have severe environmental impact. The Report 
calls for widespread action to protect the environment 
and reduce unsustainable consumption and production. 
Pollutants from vehicular emission is the main irritant 
for asthma patients affecting the air passages in the 
lungs. Nitrogen dioxide enters into the lungs, and results 
in asthma. Sulphur dioxide and nitrogen oxides result in 
less visibility. 

Lead is a hazardous chemical used in preparation 
of paint. Children are more vulnerable when they are 
exposed to it through direct contact. Highest incidence 
of arsenic from ground water in West Bengal exceeds 
the World Health Organisation’s (WHO) maximum 
permissible level of 50 micrograms per litre. Food 
cooked with such arsenic contaminated water causes 
health problems. Industrial waste including electronic 
waste from discarded computers and mobile phones 
and overwhelming use of plastics result in surface 
pollution causing adverse health effects. Today, there is 
evidence that pollutants, including pesticides, endocrine 
disruptors, dioxin, in the environment, accumulate in 
the environment over time. Polychlorinated Biphenyls 
(PCBs) are endocrine disrupters that can cause cancer 
and infertility. Studies on the impact of Bhopal Gas 
tragedy reveal that highly toxic chemicals like lead, 
chromium, mercury, chlorobenzene have spread into 
the soil, water and vegetable crop plants. These deadly 
toxins passed on from mothers to their babies when 
breast-fed, are carcinogenic in nature, and depress the 
immune and endocrine system. High concentrations of 
DDT are recorded in mother’s milk. Most of these toxins 
comprise the components of pesticides, herbicides, dyes, 
paints, cosmetics, drugs and perfumes. Ground water 
is getting contaminated due to the disposal of the waste 
and polluted water by manufacturing units of steel, 
aluminium, bricks, coal, fertilizers and pesticides. 

Climate Change and New Diseases: Scientific and 
technological intervention should be oriented towards 
formation of a spectrum of eco-products in lieu of existing 
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non-degradable toxins. Environment-friendly transport 
systems utilising non-fossil fuel energy should replace the 
present trend. The government must devise scientifically 
sound strategies and policies for environmental 
protection and sustainable development, henceforth 
relying on the recycling of materials, conserving our 
environmental resources and preventing the adverse 
impact on our health. 


1.7 Gender and Environment 


Is there really a link between gender and environment? 
The most spontaneous answer is ‘yes’. It has become very 
important to understand the link between gender and 
environment. Gender issues have come to the forefront 
in many development sectors including agriculture, 
forestry, water, energy etc. 

It has been observed for many years that women 
are in closer contact with nature and their surrounding 
environment as compared to men. Women are often 
most sensitive to changes in the environment because 
they are in closest contact with the home and the land. 
The most obvious impact of various activities performed 
by women on a daily basis is on their health. Women 
spend more time than men on basic subsistence 
activities, such as gathering fuel-wood, carrying water, 
grazing cattle, collecting non-timber forest products and 
cooking. According to the World Bank (2001) women of all 
Peytopigs countries spend between 2 to 9 hours a day 
g collecting fuel and fodder, 
and performing cooking 
» chores. More than half of 
» the world’s households 
f cook with wood, animal 
Í waste, crop residues and 
untreated coal, exposing 
primarily women and 
children to indoor air 
pollution, which according 
to the World Health 
Organisation, is responsible 
for the premature death of 
over 2 million women and 
children a year worldwide 
from respiratory infections. 
It has been proved that 
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the amount of total suspended particles present inside 
a kitchen has 1,000 times greater chance to penetrate 
deep into our lungs than the suspended particles outside. 
Women are constantly exposed to chulha smoke in India 
due to several cultural mindsets. 

Men are more linked with the environment when it 
comes to agriculture. They spend most of their day in 
the agricultural field. Thus they show symptoms of the 
adverse impacts of excessive use of pesticides during 
agricultural practices in order to get greater yields. 
Women have more traditional knowledge about the 
medicinal plants in the area and their use. 

Furthermore, as women rarely own land they cultivate, 
there is little incentive for them to make environmentally 
sound decisions, while their lack of access to credit 
hampers them from buying technologies and inputs 
that would be less damaging to natural resources. These 
negative factors set up a cycle of declining productivity, 
increasing environmental degradation and food insecurity 
for the future. 

Women farmers tend to use and perfect traditional 
cropping methods developed over time to protect precious 
natural resources. This makes them key players in the 
conservation of soil fertility. Women employ methods 
such as fallowing (leaving fields uncultivated for at least 
a season), crop rotation (planting a field with different 
successive crops), intercropping (planting several 
different crops in a field at one time), mulching (spreading 
organic material on the soil around plants to avoid water 
evaporation) and a variety of techniques that promote 
soil conservation, fertility and enrichment. Planners are 
now recognising the value of learning from women’s local 
knowledge to protect and sustain the environment. 

In rural India, shifting from fuel wood to cleaner 
sources of energy, like kerosene or Liquefied Petroleum 
Gas (LPG), halves the mortality rate of children under 
five. Home lighting, agro-processing, drinking water 
pumping and more efficient stoves can reduce women’s 
workloads, provide income earnings and improve 
women’s health. Women in particular, need to be 
informed about alternative methods of cooking, farming, 
heating and waste disposal. Gender-sensitive planning 
in training and technology development would not only 
improve production today, but it would also ensure the 
protection of the environment for tomorrow. 
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Chapter 2 


INSTITUTIONS (SOCIAL, 

ECONOMIC, POLITICAL, 

LEGAL AND CULTURAL) 
AND ENVIRONMENT 


2.1 Evolution of Technology, Social, 
Economic and Political Organisation 
and Growing Resource Demands 


Human dominance of the biosphere is in large measure 
due to our ability to fabricate and use artefacts, i.e., to 
our technology. Well before our own species stepped on 
the earth, our hominid ancestors had begun to use wood, 
bone and stone tools. At this time they lived in small 
social groups that administered themselves and often 
struggled with other groups. They gathered resources 
for themselves and had minimal resource demands. Our 
own species, Homo sapiens, initially followed much the 
same pattern. But around 45 thousand years ago, they 
further elaborated the tool technologies and importantly 
added to their repertoire fabrication of decorative articles 
and painting of caves. They also seem to have initiated 
some barter and trade. They began to spread over many 
areas of land, and might even have crossed the seas to 
reach Australia. 

The next major technological revolution was the 
domestication of animals and cultivation of plants, 
beginning around 10 to 12 thousand years ago. This 
led to the elaboration of village societies, much higher 
population densities, and with them greater overall 
resource demands. The next major technological 


advances, around 6000 years ago, entailed irrigated 
agriculture, use of metals and domestication of the horse 
facilitating fast movements. This permitted development 
of surplus food production that could support people 
entirely devoted to priestly and soldierly occupations. 
This led to the rise of a state and in turn, more extensive 
trade. Alongside human permeation growth, there were 
new resource demands for religious, war and trade 
purposes. In turn, religion, war and trade all fuelled 
further technological growth, use of and demand for 
newer and newer resources such as timber for ships. 

The development of knowledge of how the world works 
and elaboration of technologies has always gone hand- 
in-hand. Both received a new impetus around 17th-18th 
centuries with the elaboration of the modern scientific 
method. The scientific methodology insisted on the 
primacy of empirical evidence as the source of knowledge 
and rejection of all religious and other authority. These 
developments occurred in Europe permitting European 
societies to usher in the industrial revolution and 
colonise much of the non-European world. There were 
vast empires with colonies and a substantial increase 
in the rate of resource use in the colonies to meet the 
imperial demands. 

This imperial-industrial phase culminated in the 
Second World War, fought over access to resources of 
the colonial world by the imperial powers. The War itself 
stimulated development of new technologies, culminating 
in the electronic and computer revolutions. These have 
brought the world closer together, creating a “global 
village” with new forms of social, political, economic 
organisations, including the rise of multi-national 
corporations. This has led to an explosion of economic 
activity the world over with human demands for resources 
of the world reaching unprecedented levels. 


2.2 Impact of Economic Growth on 
Environment 


Economic growth of a country is expressed as Gross 
Domestic Product (GDP). It also indicates the rise in per 
capita income and purchasing power of the people and 
thus, is one of the indicators of quality of human life in 
the modern world. 

Over the last century, countries of the world have 
seen an enormous growth in their economies. India is 
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one of the fastest growing economies after China (9.5 
per cent) and Argentina (9 per cent) with an annual 
economic growth rate of 7.5 per cent. 

While growth in GDP has been looked at as a good 
sign for economic sustainability there have been growing 
concerns over environmental sustainability over the past 
few decades. 

Rise in economic growth as reflected through rise 
in incomes indicates that there are more jobs available 
and more and more people can seek employment and 
thus many can pull themselves out of poverty. It also 
indicates possibilities for increase in taxes and hence 
public money can be directed for the public good such 
as better maintenance of public infrastructure. It also 
attracts more foreign investment and hence greater 
domestic opportunities. Higher consumption means 
higher production (and hence revenues) indicating 
higher incomes. 

In the early years of industrialisation, the developed 
countries experienced a rapid economic growth, which 
was based on the exploitation of the natural resources 
on their lands and in other countries. This resulted in 
problems such as environmental pollution, consumerism, 
social inequalities, and added an uncertainty factor in 
the world economic scenario. 

In sharp contrast to this, during the same period, 
developing countries were struggling to bring in economic 
development and foreign investments were limited to 
exploitation of natural resources in these countries. 
As the developing countries altered their foreign and 
economic policies it then became possible for foreign 
industrial corporations to invest directly, that is to 
access their domestic markets. The result was a type of 
economic growth that was detrimental to the environment 
and which followed the footsteps of the developed world’s 
growth model. 

Thus, there are several risks of economic growth. 
In developing countries a lack of technology and funds 
for sustainable exploitation of natural resources and 
mitigation of environmental problems, pollution of air, 
water and soil has been rampant; over-exploitation 
of natural resources such as coal and minerals has 
devastated forest landscapes and arable land; solid and 
liquid wastes have polluted water bodies beyond clean 
up and the air is highly polluted by vehicles that release 
harmful pollutants in the air increasing human health 
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costs. Congestion in traffic networks have become hourly 
events and we now even face an energy crisis. 

Thus, on one side when certain sections of the society 
in the developing world are experiencing the benefits 
of economic growth, most of its population is exposed 
to risky environmental situation, which have been a 
resultant of environmentally unsustainable economic 
growth. Economic and social inequalities have been the 
most important side-effects of economic growth and with 
rise in incomes the gap between the rich and the poor 
has increased further. 

Most serious effects of economic growth perhaps 
have been due to over population, depletion of natural 
resources due to over harvesting, global warming, 
generation of large amounts of wastes, and loss of 
biodiversity. 

No country can develop without the use and 
exploitation of its natural resources. We get our water, 
air, food and fuel from nature. But long-term economic 
sustainability goes hand-in-hand with environmental 
sustainability. 


2.3 Inequitable Economic Growth, 
Poverty and Environment 


India harbours a most complex society. We may view it 
as comprising people belonging to four major categories, 
namely, (a) rural poor: comprising small and marginal 
farmers practicing rainfed agriculture, herders, 
artisans, forest produce collectors, artisanal fisherfolk 
and landless agricultural labourers, (b) rural well-off: 
primarily owners of good sized irrigated agricultural 
land, (c) urban poor: primarily those subsisting on wages 
in unorganised sector, and (d) urban well-off: primarily 
employed in the organised sector. Our failure to ensure 
inclusive economic growth has meant that two of these 
groups, namely, urban and rural well-off tend to be 
subsidised at the cost of rural and urban poor. We may 
illustrate this with respect 
to water. Water is becoming 
an increasingly scarce 
resource all over India, and 


conflicts over water are a 
occurring at all levels. Such IF. 

conflicts display many fa l 
dimensions pertaining to Jhum cuai 
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issues of poverty associated 
with inequitable economic 
growth. Consider as an 
example the use of ground 
™ water in the coastal tracts of 
ANA as SS the Uttara Kannada district 
sae. of Karnataka. Traditionally, 
M the crops of this region 
n include rice (largely 
aullivated by small holders) and betel nut, primarily 
cultivated by richer orchard owners. When, fifty years 
ago, there were no electrified pump sets, the water table 
was at a depth of about five meters, and the small holders 
were able to hand irrigate and raise a second crop of rice 
in the winter. Following rural electrification, free power 
was made available to farmers along with subsidised 
pump sets. These facilities were primarily availed of by 
the orchard owners, who began to extensively irrigate 
betel nut in the dry season, substantially increasing its 
yields. But this drove the water table down. As a result, 
the poorer small holders could no longer raise a second 
rice crop. This compelled their women to switch to the 
sale of fuelwood as a livelihood activity in the dry season, 
resulting in extensive conflicts with forest authorities and 
the degradation of forests at a rapid pace. 


Zz 


2.4 India as a Country where many 
different Modes of Resource use 
Co-exist 

India is a land, not only of great biological diversity, but 
also of cultural diversity. It at once harbours hunter- 
gatherers and shifting cultivators, practitioners of low 
input rainfed agriculture, modern high input agriculture, 
country boat fishermen and modern trawlers and purse 
seiners, village artisans and modern industrial and post- 
industrial enterprises. 

Humans are a tool-using species par excellence. 
They initially deployed these tools for hunting animals, 
digging roots and tubers, gathering insects, etc. This 
constituted the hunting-gathering mode of resource 
use. Residents of Sentineles islands in the Andamans 
still depend totally on hunting and gathering. The next 
stage of resource use intensification came in with simple 
hoe cultivation, with frequent shifts of the land under 
cultivation, and long fallows - the shifting cultivation. 
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Such shifting cultivation is invariably accompanied by 
extensive hunting-gathering. This form of resource use 
continues in many parts of north-eastern hill states 
such as Mizoram and Arunachal Pradesh, as well as 
parts of Orissa, Jharkhand, and Chhattisgarh. Settled 
agriculture began with simple irrigation facilities, such as 
small scale village ponds or wells. While frequent shifting 
of agricultural fields was abandoned, rains remained 
the mainstay of agriculture. Such rainfed cultivation 
continues all over the country in pockets, covering over 
half of cultivated land. Large scale irrigation further 
intensified agricultural resource use and was initiated 
with dams on rivers built in Mauryan times over 2000 
years ago. However, development of extensive tracts 
under irrigation began first with the British rule, and has 
intensified over the last fifty years. In these tracts there is 
also extensive use of chemical fertilizers, pesticides and 
high yielding crop varieties. Such intensive cultivation is 
now practiced all over the country in pockets, covering 
nearly half of cultivated land. 

Indian farming has been closely associated with 
maintenance of cattle and other livestock. While this 
continues in good measure, intensive dairying and 
especially poultry keeping is now prevalent in pockets 
all over the country. India has also harboured specialist 
pastoral people — cattle or sheep keepers, many of them 
semi-nomadic, since historical times. They have been 
particularly important in semi-arid regions and in the 
Himalayas. These practices continue to this day. 

India’s rivers as well as the seas have supported 
fishing activities since time immemorial. With 
technological advances fishing has been revolutionised, 
especially in the seas. But here too simple country boat 
fishing continues along with use of mechanised boats. A 
recent introduction is that of aquaculture, both of carps 
in fresh waters and of shrimp along the coast. 

India has a rich tradition of village industries and 
crafts, from oil pressing to | 
handlooms and basketry. | 
Though attenuated, many 
of these continue, along M 
with modern industries, f 
including information f 
technologies. Sa 

This persistence of ™& 
an incredible diversity 
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of modes of resource use is related in good measure 
to the diversity of India’s environmental regimes, from 
islands and coast to high mountains, and from the world’s 
rainiest place to hot and cold deserts. But it is also related 
to very uneven economic development and substantial 
regional differences. 


2.5 Open Access, Community Controlled, 
Private and State Management of 
Resources 


Many natural resources such as forests, fisheries, 
pastures and irrigation systems are instances of 
common pool resources. In general, a common pool 
resource is characterised by two main attributes. Firstly, 
it is subtractable i.e., the extraction of some units of 
the resource by one user means that there is less of 
the resource available for other users. For instance, 
the harvest of fuelwood from a forest, or water from an 
irrigation system, depletes the quantity of the resource 
that is available for other users to access. In contrast, 
public goods such as street lights or radio broadcasts 
are non-subtractable. If one person on the street enjoys 
the benefits of street lighting, this does not take away the 
benefit from others on the street. The second characteristic 
of acommon pool resource is that it is difficult and costly 
to prevent potential users from accessing the resource. 
For example, it requires extensive patrolling and the use 
of punitive measures to prevent over-exploiting of forest 
produce. 

These two characteristics combine to make common 
pool resources vulnerable to problems of congestion, 
overuse and potential destruction. Careful, limited 
extraction of these resources at a level that allows for 
natural renewal, and the exclusion of at least some 
potential users, will enable the sustainable use of these 
resources over time. 

The sustainability of a common pool resource 
depends on the property rights regime used to manage 
it. Typically, these regimes can be classified into four 
major types. 

Open access, where all users are allowed to access 
the resource, and harvest from it. Typically, situations 
like these lead to discussions of the “Tragedy of the 
Commons”, where there are no limits to the amount 
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that each user can harvest from the system. This leads 
to eventual overuse and eventually, to the collapse of 
the system. 

Community controlled, where a group of individuals 
get together to share the right to the resource. They 
often agree on limits within which harvest is allowed, 
and monitor the levels of use to ensure that the natural 
resource is able to renew itself over time. In countries 
such as India, with a long standing tradition of 
community use of natural resources, there have been 
multiple documentations of traditional institutions of 
forest, fisheries, irrigation and grazing that have been 
successful in managing natural resources in an equitable 
and sustainable manner over time. 

Private management, where a single individual 
or private firm has complete rights over the resource, 
including the right to harvest as well as to exclude 
other users from harvesting. In cases where the private 
owner is powerful enough to enforce their rights over the 
resource, and adopts a long term perspective, this can 
lead to effective management. 

State management, where a formal government 
(ranging in size from a local panchayat to a national 
government) claims ownership over the resource, as well 
as the rights to determine who is permitted to access 
resources, and to what extent. Forests, for instance, 
come under State management in many countries 
across the world, including in India. The enforcement of 
state rights over natural resources often however leads 
to resentment from local communities, and can make it 
difficult for Governments to enforce these rights. 


2.6 Evolution of Environmental Concerns 
in different Societies over the Course 
of History 


An interest in conservation of environment is by no 
means a modern phenomenon. Indeed, the small- 
scale, egalitarian societies of hunter-gatherers, shifting 
cultivators and horticulturists which encompass much 
of human history exhibit a number of practices of 
restraint in the use of environmental resources. Such 
societies view the world around them as a community 
of beings. To them rocks and rivers, trees and birds are 
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fellow beings, often viewed as kin or as benefactors. 
These may then be accorded respect and protection 
in several ways. The restraints so motivated include 
regulation of two main kinds of processes, namely 
harvests of biological populations and transformation of 
habitats. Regulation of harvests may range all the way 
from occasional lowering of hunting pressure to complete 
protection. Thus, several Pacific islanders give up fishing 
from particular lagoons if the catches from these lagoons 
decline. Some New Guinea tribes stop hunting birds-of- 
paradise when their populations have declined. Other 
plants and animals may be totally protected at all times. 
Amongst the more notable of such instances of total 
protection is that accorded to several tree species of the 
genus Ficus in many parts of Africa and Asia. Because of 
this, Ficus trees are often left standing when forests are 
clear-cut in India, and huge trees of Ficus religiosa dot 
India’s thickly settled rural countryside, and persist even 
in city centres. Ficus is considered a keystone resource of 
tropical forests, since it often fruits in months when none 
of the other plants are in fruit and therefore, promotes 
the persistence of frugivorous birds and primates. 

Small-scale societies regulate habitat transformation 
by protecting samples of natural communities on sacred 
sites (e.g., sacred groves, sacred ponds). These sacred 
sites may be associated with nature spirits resident in 
trees or pools of water or with more formalised worship 
as with Buddhist temple groves of Thailand or groves 
associated with Shinto shrines in Japan. Sacred groves, 
ponds and lagoons persist to this day in many parts of 
Asia, Africa and some of the Pacific islands; a sacred 
cacao grove has also been described from Mexico. Such 
protection to sacred groves is paralleled by protection 
to sacred ponds, or pools along rivers. Indeed, the only 
surviving population of a freshwater turtle Trionyx 
nigricans now occurs in a sacred pond dedicated to a 
Muslim saint in Bangladesh. 

As small-scale gatherer-shifting cultivator societies 
gave way to larger agrarian societies, regimes of regulation 
of the use of the biological resource base underwent a 
transformation. The agrarian societies are characterised 
by far greater levels of social stratification, with an elite 
supported by the surplus generated by the peasantry. 
The elite have access to surplus produced from many 
different localities; it therefore, has little motivation to 
promote sustainable resource use in any particular 


Gs) TEACHERS’ HANDBOOK ON ENVIRONMENTAL EDUCATION 


locality. The elite of agrarian societies, however, have 
their own new conservation techniques; particularly 
the hunting preserves where game is strictly protected 
for hunting by the aristocracy. Such hunting preserves 
played an important role in biodiversity conservation 
in medieval Europe and Asia. The Mughal emperors of 
India, for instance, maintained large areas of several 
hundreds of square kilometers each as hunting preserves 
in northern India. 

Much of the European expansion beginning in the 
fifteenth-sixteenth century carried a spirit of rejection of 
any attempts at restraints on the use of environmental 
resources or transformation of natural habitats. It was 
this ethic, which promoted large-scale felling of forests 
in the north-eastern United States and the massacre of 
hundreds of thousands of buffaloes (Bison bison) of the 
prairies. The European impacts also related to large- 
scale introduction of exotic plants and animals on the 
many continents and islands newly colonised by them. 
Domesticated animals such as cattle and sheep, and 
rabbits running wild, were responsible for a significant 
decline in Australia’s indigenous marsupial fauna. 

Notions of conservation arose amongst Europeans 
only in the second half of the nineteenth century 
as frontiers of new lands to be colonised seemed to 
be closing and deforestation led to serious negative 
consequences in parts of Europe such as Switzerland. 
These led to protection of forests for their watershed 
function in colonial possessions, and the revival of forest 
cover under communal management in Switzerland. This 
also led to the National Park movement in the United 
States with the setting aside of large scenic areas such 
as Yellowstone National Park. Notably enough, these 
areas were thought of as primeval nature untouched by 
man. In reality, they were humanised landscapes where 
nature was lightly trodden upon and much of its diversity 
protected over thousands of years of use by indigenous 
people. So in the National Park system the emphasis was 
on regulating human access by deploying bureaucratic 
machinery. 

The 1960s witnessed the beginnings of a strong 
interest in environmental issues on the part of the 
developed countries. This interest began with a 
realisation that pesticides persisting in the environment 
were reaching excessive levels of concentrations in the 
bodies of animals high up in the food chain, with serious 
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consequences, such as reproductive failure in the case 
of the peregrine falcon Falco peregrine. The discovery 
of DDT in the bodies of penguins from Antarctica 
also highlighted the ubiquity of these substances. The 
result was the passage of the Endangered Species Act 
of 1973 in the United States. This act committed the 
United States Federal Government to protect critical 
habitats of endangered species thereby promoting 
conservation of a diversity of natural habitats outside 
the National Park system. 

The 1970s saw the beginning of serious attention 
being paid not only to protecting specific areas, but 
also to regulating processes that have an impact on 
environment. Such regulation pertains to the production 
of harmful substances such as pesticides and a variety of 
industrial effluents that directly affect living organisms, 
as well as molecules such as Chlorofluorocarbons 
(CFCs) that have an indirect effect through destruction 
of ozone and consequent increase in levels of ultraviolet 
radiation. The regulatory process has also broadened 
to assessment of environmental impacts of a range of 
developmental activities, such as the damming of rivers 
or extraction of timber. 


2.7 India’s Manifold Traditions of 
Conservation and Sustainable use 


Environmental consciousness is not a recent concept 
in our country. Several traditional societies still retain 
what they have learned from their forefathers about 
their own surroundings. But during the ‘modern’ era, 
much of this traditional learning has disappeared. In 
the past, most societies learned from experiences in and 
from nature herself. They knew about the life giving rain 
and the threat from storms. They knew which plants 
have medicinal values and which were poisonous. They 
knew about several animals and birds in the forests. 
They understood the cyclic phenomena of grasslands 
and wetlands. In fact they appreciated all the species 
of plants and animals that were useful in nature and 
those that were dangerous. They also appreciated life 
forms that have a deep spiritual or religious meaning in 
their day-to-day lives. These species were given specific 
names from very early times. 

We know of traditions that are specific to different 
cultures in the world from both the agricultural and urban 
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environments. The Indus Valley civilisation is known to 
have had multiple sites far away from Mohenjodaro and 
Harappa throughout the Western part of India. They had 
remarkably well planned townships, environmentally 
appropriate housing, broad streets, bathing tanks 
and a complex of efficient drainage systems. They 
appear to have had carefully studied and planned 
urban environments. 

India has perhaps some of the most ancient 
information bases on and about environment and its 
management. The Vedas have enmeshed in them several 
environmentally sensitive concepts that are linked 
to spiritual thought-processes. There are repeated 
teachings about the value of life itself. The Buddhist and 
Jain philosophies brought these issues at the centre 
stage of life of every human being. 

References to land tenure, water management and 
protection of forests and wildlife recur frequently. For 
example, the Arthashastra gives the king deep insights 
into how to manage land and its resources, how to 
justify the collection of taxes in the form of a percentage 
of agricultural produce based on the productivity of the 
land, without oppressing the poor. It teaches how to 
relax these norms in times of a crisis such as droughts. 
It was the king’s duty to look after the land and thus 
the welfare of his people. This could only be possible by 
managing environmental resources appropriately. The 
Arthashastra also provides for differential management 
of forests. Those for people to collect resources, those 
that were protected for the king’s shikar (game), and 
forests that were to be kept inviolate where elephants 
could breed in peace and be captured only for the ruler. 
Elephants constituted the most efficient ‘army tanks’ of 
the period and were a key to victories in battle. 

Ashoka’s well known edicts not only asked his people 
to protect forests, but appear to be the earliest list of 
what we would refer to today as ‘Schedule Species’, those 
that require a different 
and more intensive level of 
protection. 

Many of India’s tribal 
people protect small 
patches of natural forests 
as sacred groves even 
today. There are sacred 
tanks and springs dotted 
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all over India. The Ganga 
is considered sacred 
throughout her length. The 
Himalaya, the source of 
our perennial water supply 
= to the great agricultural 
» plains of India have been 
venerated through the 
ä ages. 

During the medieval period we have the Mughul 
Emperor Jehangir whose interest in shikar led him not 
just to kill thousands of animals, but to study their 
behaviour in great detail and make his artists paint 
them in superb miniatures. Shivaji Maharaj had an edict 
to protect trees in the Western Ghats even though there 
was a great need to fell timber for building warships. He 
said that the trees were to be protected like one protects 
children and that their destruction by force would be an 
act of tyranny against the people. 

The British who ruled India for nearly 200 years 
were here to exploit India’s natural resources. To do 
this more systematically they developed mechanisms 
and institutional arrangements to document India’s 
natural resource wealth. Many administrators became 
so absorbed by what they saw in India’s natural 
environment that they became great botanists, 
mammalogists, ornithologist, herpetologists and 
entomologists. This information later became the 
formal basis of the scientific knowledge of Indian botany 
and zoology. 

There were other equally valuable and important 
environmental concerns. Prevention of air and water 
pollution was known in several ancient civilisations. 
Many cultures reused waste water for kitchen gardens. 
Wells, lakes and canals for irrigation were carefully 
managed as a community resource. 

Across the country traditional pastoralists who 
moved from place to place with their sheep have had 
their own rules to limit grazing so that pasture areas are 
not over-grazed. 

Many of their traditional conservation practices have 
been retained in different parts of our country even 
today. There are sacred groves especially in tribal areas 
of Maharashtra, Gujarat, Madhya Pradesh, Orissa and 
the North Eastern states. 


Sacred grove, Méghalaya 
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In Rajasthan the Bishnoi community have protected 
Khejadi trees for decades. When a King tried to fell 
trees in ancient times, the village women laid down their 
lives to prevent the destruction of these trees. This led 
Sundarlal Bahuguna naming his movement to prevent 
deforestation in the Himalayas as Chipko Andolan after 
the Bishnoi community’s action to protect their trees 
from being felled when soldiers were cutting them down. 
The Bishnois even today zealously protect wildlife and 
have apprehended poachers who have killed blackbucks 
in their areas. 

In Chilka lake in Orissa, fishermen protect the 
water fowl that gather there in large numbers each 
winter. In many village communities across India, 
the recent initiatives are to form village level ‘Forest 
Protection Committees’ that guard against felling 
of trees. Examples include the Gond tribal folk in 
Gadchiroli in Maharashtra. In Assam the village 
people have created a sanctuary for the rare golden 
langur. The forests around Khonoma village have 
been managed sustainably in Nagaland. The village 
of Khonoma in Nagaland is a wonderful example of 
people’s initiative to protect the rare bird called the 
Tragopan in a sanctuary managed by local people. 
This is organised and protected by the village council. 
Along the Western and Eastern coastal belts, local 
people have started movements to prohibit trawling by 
mechanised boats that are destructive to fisheries and 
marine biodiversity such as the rare marine turtles, 
and coral reefs. 

In a village in Karnataka called Kokkare Bellur local 
people have protected the large colonies of pelicans and 
storks that nest on the trees within the village. These 
fish-eating birds roost and nest in the village. The 
villagers collect the droppings of the birds, which are 
used as a fertilizer. The result is the colony of birds has 
been carefully protected for decades. There are many 
more examples of community initiatives that protect 
environmental resources. 

The only way of ensuring that biodiversity 
conservation becomes a reality in our country is through 
participation from local people who live in and around 
wilderness areas. As new lifestyles infiltrate into their 
communities, traditional values begin to disappear. 
The outcome is environmental degradation. 
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In 2002, the Wildlife (Protection) Act, 1972 was 
amended to include ‘Community Reserves’ to add to our 
network of National Parks and Wildlife Sanctuaries to 
protect India’s great wealth of biodiversity. 

Government has now set up new methods for 
conserving our rapidly disappearing natural resources. 
Eco-development projects have been initiated especially 
around tiger reserves. While Government have been 
policing National Parks and Sanctuaries over the last 
hundred years, the concept of Community Conserved 
Areas has now become a part of legislation. These 
reserves are being managed by people living in the area. 
In the North East India, the village people of Shankar 
Ghola are protecting the endangered Golden Langur. 
Chakrashila Wildlife Sanctuary is supported by local 
people to protect this rare monkey. In Garhwal, the 
village people of Jardhargaon have restored a large area 
of natural forest of oak and rhododendrons. In the recent 
past the Government have included 40 Community 
Conserved Areas in the network of protected areas. 

Mahatma Gandhi said that the earth can support 
everyone’s needs but not our greed. It was perhaps the 
earliest message that we are using up earth resources 
through unsustainable development. Proactive leaders 
and conservation conscious people have teamed together 
to bring about conservation in more recent times. Salim 
Ali, the great ornithologist, was able to convince Smt Indira 
Gandhi, the former Prime Minister of India, to save the 
incredible forests of Silent Valley of the Western Ghats 
where a dam was to be built. Much of the thought behind 
this came from NGOs and individuals concerned with 
environmental protection. Many of India’s Pro-conservation 
Acts and the advocacy to spearhead the Convention on 
International Trade in Endangered Species were initiated by 
these and similar NGOs. This helped protect the killing of 
animals such as tigers, leopards, elephants, rhinos, musk 
deer etc. being killed for fur, skin and medicinal products 
for domestic consumption and export. 

We need to see that people’s initiatives grow to become 
large generalised movements to bring about conservation 
in our country. The only definite way forward is for school 
teachers to bring about pro-conservation behaviour anda 
love for nature in the young minds of our school children. 
India urgently needs a new young and effective green 
movement to help bring about sustainable development 
and a concern for our environment. 
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2.8 Shift ofEnvironmental Regulation from 
Nature Worship, Customary Law to 
Wildlife Act, Forest Conservation Act, 
Environmental Impact Assessment 
and Biological Diversity Act, etc. 


The manner, in which numerous environmental 
regulations on forest, wildlife, water, air and land among 
others have evolved in India, reflects not only the changing 
political and economic climate but also is rooted deep in 
cultural, ethical and spiritual ethos of the Indian society. 
Mythological references to various aspects of environment 
have been a tradition of the Indian society. 

The Vedas, Manusmriti and the Puranas have all 
considered the basic tenets of ecology and environmental 
ethics. Forests have been regarded as ‘Devaranya’ or 
‘God’s Abode’ and strict prohibition was placed on 
cutting live trees. In fact ‘Aranyaka’ texts include some 
of the oldest Upanishads which are meant for the study 
of those who had embraced ‘Vanaprastha’. Earlier laws 
relating to wildlife have been mere moral sanctions 
rather than codified legislation. The earliest codified 
law traces back to the 2300 BC when King Ashoka 
made a law in the matter of preservation of wild life and 
environment wherein he prohibited the killing of certain 
species of animals such as parrots, geese, rhinoceros etc. 
Arthashastra, the state craft manual written by Kautilya, 
too refers to Abhyaranyas or forest sanctuaries. 

The modern codified law on environment has its roots 
in the British administrative system. The colonial era saw 
the emergence of a plethora of laws for consumption and 
use of natural resources. Land Acquisition Act, 1894, 
Indian Forest Act, 1927, Elephant Preservation Act, 
1878, Wild Animals and Birds Act of 1912 and Indian 
Easement Act, 1872 are few such examples. 

In the international arena the early legal controls 
were initiated not out of a desire to protect the 
environment per se but out of the recognition of 
dangers to health associated with pollution. In fact, the 
United Nations Stockholm Conference in 1972 proved 
to be the watershed in the history of environmental 
policy making in several nations including India. The 
Wildlife (Protection) Act, 1972 and Water Act of 1974 
adopted around this time reflect not only international 
commitments but also strong political concern on 
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environmental issues. However, proactive legislations 
on environmental protection in India are of recent origin 
and most of them have been enacted in the post nineteen 
eighties. Until then, the regulatory system on this issue 
was fairly dull. 

India responded quickly to the Bhopal gas tragedy 
through enactments of several environment laws such 
as, the Environment Protection Act, 1986 and later 
the Public Liability Insurance Act, 1991, National 
Environmental Tribunal Act, 1995 and the National 
Environmental Appellate Authority Act, 1997. These 
laws in quick succession within a decade show a pattern 
and priority of the Government. 

The developments that triggered post 1991 liberalised 
economy phase also witnessed knee jerk and tentative 
legislative responses in the form of Environment Impact 
Assessment Notification, 1994, Coastal Regulation 
Notification, 1991 and numerous pollution, waste 
management and other environment related rules 
under the Environment Protection Act, 1986. Two more 
significant events happened almost simultaneously. One, 
there was an internal environmental crisis due to habitat 
destruction and its fragmentation by those engaged in 
developmental activities. Secondly, there emerged a 
stronger India from the economic standpoint, which 
forced her to assume a more proactive international 
role and respond to international commitments. The 
Biodiversity Act, climate change concerns, Amendment 
Act, 2006 to the Wildlife Act that created the Tiger 
Conservation Authority, demonstrate this clearly. 

The need for integrating local community and their 
concerns in natural resource management also witnessed 
several policy changes in the form of participatory 
strategies with or without legal backing. Another global 
concern is the issue of security of tenure on lands on 
which communities subsist. This culminated into the 
most recent and historic legislation, the Scheduled Tribes 
and other Traditional Forest Dwellers (Recognition of 
Forest Rights) Act, 2006. 

The role of judiciary and especially the Supreme 
Court cannot be undermined and it has shown exemplary 
courage in standing up to environmental concerns while 
maintaining a delicate balance between the need of the 
ecology and the poor. Let us all remember what E.P. 
Gee, a great naturalist who once said: “The existence of a 
sound nature and wild life conservation organisation in a 
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country is a reliable indication of the stage of a country’s 
progress and development.” 


2.9 Tools of Environmental Management, 
Efficiency of Resource use, Sustaining 
Harvests, Pollution Control 


Environmental Management (EM): Introduction 


We depend on the 
environment to meet our § 
basic requirements such © 
as food, fuel, fibre, fodder, 
minerals and vital support 
systems (e.g., water and 
air). However, due to our 
continuous indulgence 
in the exploitation of nature for immediate gains, we 
contribute to environmental degradation and depletion 
of natural resources, and this needs to be arrested. It 
is, therefore, essential that we understand the function 
and interaction of physical and biological elements of 
the environment and apply this knowledge for sound 
management programmes to conserve the natural 
resources we are endowed with. Sustainable management 
of renewable resources in industry, agriculture, recreation, 
health, forestry, fisheries, education or urban development 
and for that matter any human activity, is therefore, 
critical. The conservation of resources and maintenance 
of the quality of ecosystem requires as much imaginative 
and innovative technology as the active participation of 
the public. 

Essentially, Environment Management represents 
the management of various activities, including 
environmental planning, conservation of resources, 
environmental status evaluation and environmental 
legislation and administration. It focuses more on 
implementation, monitoring, auditing, practice and the 
real-world issues rather than on theoretical planning of 
course anticipation of consequences, both short and long 
term of human activities/actions whether of individuals 
or collective is essential for effective EM. The goal/ 
objective of EM, which is an approach for environmental 
stewardship integrating ecology, policy-making, planning 
and social development, include: 
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e preventing and resolving environmental 
problems; 

e establishing limits; 

e establishing and nurturing institutions that 
effectively support environmental research, 
monitoring and management; 

e identifying threats and opportunities; 

e sustaining and, if possible, improving existing 
resources; 

e improving the quality of life; 

e identifying environmentally sound technologies 
or policies. 

Some of the approaches followed for EM to accomplish 

sustainability include the following: 

e Adhoc approach: This means an approach 
developed in reaction to a specific situation. 

e Problem-solving approach: This refers to an 
approach that follows a series of logical steps to 
identify problems, needs and solutions. 

e Systems approach: This approach focuses on 
interactions and inter-relations between various 
micro and macro systems such as ecosystem 
(e.g., mountain, high latitude, savannah, desert, 
island, lake, etc.), agro-ecosystem, social systems 
to identify the genesis of the problems and to 
arrive at plausible solutions. 

e Regional approach: This is based on ecological 
zones or bio-geophysical units such as watershed, 
river basin, coastal zone, islands, etc. 

e Specialist discipline approach: This refers to the 
approach often adopted by professionals like air 
quality management, water quality management, 
land management, environmental health, urban 
management, conservation area management, 
etc. 

e Voluntary sector approach: This represents the 
approach NGOs (Non-Government Organisations) 
encourage and/or support. 


Environmental Management Tools 


One of the outcomes of policy development since 1970 
has been the evolution of the techniques for the analysis 
and management of environmental effects. Some of the 
tools are: 

(i) Environment Impact Assessment (EIA). 
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(ii) Economic assessment, usually through Cost- 
Benefit Analysis (CBA). 
(iii) Environment Impact Statements (EIS). 

(iv) Environment Audits. 

(v) Waste minimisation programme and environ- 

mental management systems. 

(vi) Life Cycle Assessments (LCA). 

(vii) Environmental Design (ED). 

These tools are indispensable as far as environmental 
management is concerned. But, rather than being 
comprehensive, self-contained procedures, these 
tools are really aids that can be adapted for various 
situations. Legislative and bureaucratic frameworks 
for environmental management differ considerably, not 
only between nations, but also among states or regions 
within countries. Some procedures fit within others, for 
example, an environment impact statement is a tool or 
instrument, used within a more general environment 
assessment process. These methods are contributions to 
decision-making, rather than complete decision-making 
procedures. 


Environmental Impact Assessment (EIA) 


In recent years, there has been a remarkable growth of 
interest in environmental issues, sustainability and the 
better management of development in harmony with the 
environment. Associated with this growth of interest has 
been the introduction of new legislation, emanating from 
national and international agencies (e.g., the European 
Commission) that seek to influence the relationship 
between development and environment. Environmental 
Impact Assessment (EIA) is an important tool to assess 
the viability of a project from the environment point 
of view. It is defined as an activity designed to identify 
and predict the impact of legislative proposals, policies, 
programmes, projects and operational procedures on the 
bio-geophysical environment and on the health and well 
being of all living forms in general, and human beings in 
particular and to interpret and communicate information 
about the impact. 

That is to say, EIA focuses on problems, conflicts 
or natural resource constraints that could affect the 
viability of a project. It also examines implications of 
a project that might harm people, their homeland or 
their livelihoods, or other nearby developments. After 
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predicting likely environmental consequences and related 
problems, EIA identifies measures to minimise the cause 
of problems and outlines ways to improve the project’s 
suitability keeping its impact on the environment within 
manageable limits. 

In the last three decades, EIA has been recognised 
as the most valuable, inter-disciplinary and objective 
decision-making tool with prospects to suggest 
alternate routes for development, process technologies 
and project sites. It is considered to be an ideal 
anticipatory mechanism allowing measures that ensure 
environmental compatibility in our quest for socio- 
economic development. 

EIA is generally wider in scope and less quantitative 
than other techniques, such as Cost Benefit Analysis. EIA 
has the potential to be a basis for negotiation among the 
developers, public interest groups, planning regulators, 
and other stake holders. 


Purposes of EIA 


EIA is a process with several important purposes, which 
can be categorised as follows: 

To facilitate decision-making: For the decision-maker, 
for example the local authority, it provides a systematic 
examination of the environmental implications of a 
proposed action, and sometimes alternatives, before a 
decision is taken. The decision-maker along with other 
documentation relating to the planned activity can 
consider the Environment Impact Statement (EIS). 

To aid in the formation of development: Many 
developers see EIA as another set of hurdles for them to 
cross in order to proceed with their various activities. It 
can be an aid to the formulation of developmental actions, 
indicating areas where the project can be modified to 
minimise or altogether eliminate the adverse impacts on 
the environment. The consideration of environmental 
impacts during the stage of planning the developmental 
activity can lead to an environmentally sensitive 
development, improve relations between the developer, 
the planning authority and the local communities and a 
smoother planning permission process and sometimes 
to a worthwhile financial return on the expenditure 
incurred. 

To be an instrument for sustainable development: The 
key characteristics of sustainable development include 
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maintaining the overall quality of life, maintaining 
continuing access to natural resources and avoiding 
lasting environmental damage. Institutional responses 
to sustainable development are, therefore, required at 
several levels i.e., local, regional and global. For example, 
issues of global concern, such as ozone-layer depletion, 
climate change, deforestation and biodiversity loss, 
require a global political commitment to action. 

The United Nations Conference on Environment and 
Development (UNCED) held in Rio-de-Janeiro in 1992 
was an example of international concern and also of the 
problems of securing concerted action to deal with such 
issues. Governments have recognised the interaction of 
economic and social development and the ecosystems, 
and the reciprocal impact between human actions and 
the bio-geophysical world. While there are attempts to 
manage this interaction better, investigations reveal 
disquietening trends that could have devastating 
consequences for the quality of the environment. These 
trends are likely to be more pronounced in developing 
countries where, because of high rates of population 
growth and lower current living standards, there is more 
pressure on environmental resources. 


Steps in EIA Process 


EIA represents a systematic process that examines the 
environmental consequences of the development actions, 
in advance. The emphasis of EIA is on prevention and, 
therefore, is more pro-active than reactive in nature. The 
EIA process involves a number of steps, some of which are: 

Project screening, Scoping, Consideration of 
alternatives, Description of the project/development action, 
Description of the environmental baseline, Identification 
of key impacts, The prediction of impacts, Evaluation and 
assessment of significance, Mitigation, Public consultation 
and participation: EIS presentation, Review, Decision- 
making, Post-decision monitoring, Auditing. 


Environmental Impact Statement (EIS) 


The Environmental Impact Statement (EIS) provides 
documentation of the information and estimates derived 
from various steps in the EIA process. The information 
contained in the EIS provides the decision-makers/ 
regulators with valuable information that could ultimately 
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contribute to either the abandonment or substantial 
modification of a proposed development action. 


Impact Indicators 


An impact indicator is an element or a parameter that 
provides a measure (in at least some qualitative sense) 
of the significance of the effect, i.e., the magnitude 
of an environmental impact. Some indicators are 
morbidity and mortality statistics and crop yields and 
associated numerical scales. Other impact indicators, 
however, can only be ranked as ‘good’, ‘better’, ‘best’ or 
‘acceptable’, ‘unacceptable’, etc. The most widely used 
impact indicators are those within statutory laws, acts, 
i.e., indicators such as air and water quality standards 
that have statutory authority. For example, the problem 
of designing an environmentally acceptable oil-fired 
generating station is simplified for the engineers, if they 
are given one or both of the following: 

(i) Emission standards for various pollutants 

(ii) Air and water quality standards. 


Environmental Clearance Procedure in India 


As the utility of EIA became clear, there was a need to 
establish project clearance procedure. The first step in 
that direction was to define the EIA process, as presented 
earlier. In general, the following impacts of a project need 
to be assessed: 

Air: The changes in ambient levels and ground level 
concentrations due to total emissions from point, line 
and area sources, effects on soils, materials, vegetation 
and human health are to be assessed. 

Noise: The changes in ambient levels, due to noise 
generated from equipment and movement of vehicles, 
and their impact on fauna and human health are to be 
assessed. 

Water: The availability to competing users, changes 
in quality, sediment transport and ingress of saline water 
(intrusion of saline water in aquifers) are to be assessed. 

Land: The changes in land use and drainage pattern, 
land quality including effects of waste disposal, shoreline/ 
river bank and their stability are to be assessed. 

Biological: The level of deforestation/tree-cutting 
and shrinkage of animal habitat, the impact on fauna 
and flora (including aquatic species, if any) due to 
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contaminants/pollutants and the impact on rare and 
endangered species, endemic species, and migratory 
path/route of animals are to be assessed, as also the 
impact on breeding and nesting grounds. 
Socio-economic: The impact on the local community 
including demographic changes, economic status, 
human health and increased traffic are to be assessed. 


Environmental Auditing (EA) 


An Environmental Audit (EA) is a systematic, 
independent internal review to check whether the results 
of environmental work tally with the targets. It studies 
whether the methods or means used to achieve the goals 
or ends are effective. EA involves studying documents 
and reports, interviewing key people in the organisation, 
etc., to assess the level of deviations between targets and 
results. 

Environmental audits are being used as a tool and 
an aid to test the effectiveness of environmental efforts 
at local level. They can be carried out for a number of 
reasons including the following: 

e To verify compliance. 

e To review implementation of policies. 

e To identify liabilities. 

e To review management systems. 

To identify needs, strengths and weaknesses. 
To assess environmental performance. 
To promote environmental awareness. 


Objectives and Scope 


The objectives of an environmental audit are to evaluate 
the efficiency and efficacy of resource utilisation (i.e., 
people, machines and materials), to identify the areas 
of risk, environmental liabilities, and weakness in 
management systems and problems in complying with 
regulatory requirements and to ensure the control on 
waste/pollutant generation. 


Scope 


The scope of an environmental audit can fall under either 
of the following two options: 

(i) To assess the adequacy of the policies. 

(ii) To assess the degree of compliance with policies. 
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Waste Audits and Pollution 
Prevention Assessments 


Waste audits are intended to identify the possibilities 
for improvement. The recommendations contained in 
waste audits are not based on objective comparisons 
between expectation and results, but instead are based 
on technical and economic evaluation of various waste 
minimisation alternatives. 

Audits, which contain an explicit pollution prevention 
approach, are considered to be pollution prevention 
audits. This classification is used regardless of whether 
the audit is conducted independently, or the pollution 
prevention approach is integrated into compliance, 
management, and/or risk audits, as represented in 
Figure 2.9a. 


Fig. 2.9a: The Pollution Prevention Approach 


Note that pollution prevention audits are operative 
in the sense that they include the creation and 
analysis of correction and improvement alternatives. In 
formal environmental audit, this is a task reserved for 
management. Furthermore, pollution prevention audits 
and similar audits require the active involvement of 
management in information gathering and proposals for 
change. For reasons such as these, in this context, the 
term assessment is considered to be more appropriate 
than audit. 


Life Cycle Assessment 


Life Cycle Assessment (LCA) is a tool to evaluate the 
environmental effects of a product or process throughout 
its entire life cycle. An LCA entails examining the 
product from the extraction of raw materials for the 
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manufacturing process, through the production and use 
of the item, to its final disposal, and thus encompassing 
the entire product system. 

The assessment process includes identifying and 
quantifying energy and materials usedand wastes released 
in the environment, assessing their environmental impact 
and evaluating opportunities for improvement. 

The unique feature of this type of assessment is 
its focus on the entire life cycle, rather than a single 
manufacturing step or environmental emission. The 
theory behind this approach is that operations occurring 
within a facility can also cause impacts outside the 
facility’s gates that need to be considered when evaluating 
project alternatives. Some examples are mentioned in 
4.7 of Chapter 4. 


Environmental Management Systems (EMS) 


The growing public interest in environmental issues 
and concern for environmental quality has led to the 
emergence of strict pollution control regimes. This has 
brought about the development and implementation 
of various voluntary schemes and standards for 
environmental management and pollution control. 
An Environmental Management System (EMS) of an 
organisation is a system designed to: 

(ij) meet the regulatory and legislative system 


requirements; 
(ii) improve the control of the environmental 
impact; 


(iii) provide confidence to the customers that the 
products and services are manufactured with 
the aim of reducing the negative impact on the 
environment; 

(iv) suitably accommodate changing market trends 
and gain competitive edge; 

(v) reduce the costs associated with environmental 
liabilities and insurance; 

(vi) gain public and media support. 


Environmental Risk Assessment 


Risk may be defined as the combination of the 
probability of occurrence of an event and the possible 
extent of its adverse effects and consequences in terms 
of economic loss or human injury. Risks can relate to 
hazards to humans from natural disasters, and events 
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such as traffic accidents and diseases and chronic 
dangers such as cigarette smoking. Health risks such 
as probabilities of contracting a particular disease are 
environmental hazards in the sense that they arise 
in our surroundings. They may be connected with 
projects such as development of industrial plants or 
particular production processes, and must be included 
in environmental assessments. Economic risk is yet 
another type of risk. Fairly sophisticated mathematical 
techniques have been developed for analysing economic 
risks and introducing probabilistic risk assessments into 
cost-benefit analysis. Other forms of risk may relate to 
hazards from industrial processes, safety of workers and 
effects of emissions on natural systems, flora and fauna. 
Ecological risk is handled using similar techniques as 
human health risks. 


Environmental Design (ED): An Exposition 


Environmental Design (ED) or designing for environmentis 
a perspective in which environmental aspects ofan existing 
or new product, process or facility, design/redesign are 
optimised systematically and continuously for minimal 
adverse impact on the environment. In other words, 
it helps in designing and developing environmentally 
benign (friendly) products and processes that have the 
lowest life cycle for environmental impact. Acting as a 
catalyst, ED helps provide businesses with information 
to make environmentally informed choices. Note that 
this approach is also referred to as life cycle design, eco- 
design, sustainable design or design for eco-efficiency. 

Some key principles of ED are: 

(i) The design of a project, process or product must 
incorporate environmental objectives, in addition 
to other objectives such as economic efficiency 
and practicality. 

(ii) The core environmental objective is the overall 
sustainability of: 

e the use of resources, including energy; 

e the process used in the manufacturing of a 
product or constructing a project; 

e the product or project in operation; 

e the product or project at the end of its use 
or operation, i.e., the actions involved in 
discarding, recycling or dismantling the 
product or project. 
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(iii) While sustainability is the principal environmental 
concern, other environmental objectives that 
should be considered are: 

e therestoration and enhancement oflandscapes; 

e the dignity, comfort and safety of workers in 
work places; 

e the restoration and enhancement of 
ecosystem; 

e fostering of human creativity and art. 

(iv) Environmental objectives that refer specifically 
to a project, process or product should be stated 
explicitly, to a level of detail equivalent to those 
of the other objectives. These objectives are to 
be agreed upon at the outset by administrators, 
sponsors and designers. 

(v) Since the environment is multi-sectoral and 
multi-disciplinary, design for environmental 
objectives is inevitably a multi-discipline 
exercise and multi-disciplinary activity must be 
considered within the environmental design. 

(vi) The design ofa project, process or product should 
proceed from its initiation by the conscious 
definition and integration of environmental and 
other practical considerations. This requires the 
consideration and statement of design process 
that is, product- or project-specific. 

Thus, EM is complex and involves process, which 
requires careful and scientific studies on various aspects 
of processes involved in any development activities and 
its impact on the environment. 


2.10 Concept of Sustainable Development 


The application of principle of sustainability in the 
development process came into prominence in the late 
1960s and early1970s. However, sustainability has been 
a basic concept in management of forests for a long time. 
The basic tenet of forestry is sustainable yield where yield 
is only the increment and the capital is left intact. 
Sustainable development has its economic, political, 
ecological, technological, ethical, social and international 
connotations. Consequently, the interpretation of 
sustainability has varied from the angle one wants to 
look at it. For an economist, Sustainable Development 
(SD), means leaving the future generation enough option 
for development and consumption as is available for us 
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today. However, it was for the first time that a workable and 
meaningful definition of SD was provided by the Brundtland 
Commission, World Commission on Environment and 
Development (WCED) in 1987. WCED has defined the 
sustainable development as the one, which meets the 
needs of the present without compromising the ability of 
future generations to meet their needs. The commission 
gave a new dimension to economic development based on 
the ecological concept of development. 

Sustainability has four critical elements namely, 
environment sustainability, economic sustainability, 
social sustainability, and institutional sustainability. 
Environment sustainability is achieved when the 
productivity of key natural resources are conserved or 
enhanced for future generations. Economic sustainability 
is achieved when economic welfare is sustained. Social 
sustainability is achieved when social exclusion is 
minimised and social inclusiveness is maximised. 
Institutional sustainability is achieved when the 
institutions and processes have the capacity to continue 
and to perform well. Broadly, at the operational level the 
concept of SD encapsulates the issues related to human 
rights, sustainable consumption, natural resources, 
greenhouse effect, cultural and ethnic diversity, non- 
renewable energy sources, eco products, fair trade and 
education for sustainability. 

Since the basic concepts itself differ, operationalising 
often involves compromising between varied objectives. 
However, in the heart of sustainable development is 
the ethical issue of equity both in respect of time and 
space. Thus, the question of inter generational and intra 
generational equity is implicit. 

Sustainable development poses three important 
questions: 

(i) Is sustainable development more likely to thrive 
under some particular set-up of political and 
economic institutions than others? 

(ii) Should the value that forms the basis for this 
development become part of the mainstream 
ethical system? 

(iii) If answer to these questions is “yes” then, are we 
prepared to live with the outcomes? 

Conclusively it can be said that the political, economic 
and ethical settings in which sustainability is pursued 
will determine its success or failure. 
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In essence sustainable development should address 
the following pertinent questions: 

Where are we and where are we heading to? 

Where do we want to go? 

What should we do to get there? 

What progress are we making? 

Sustainable development is a difficult issue to 
measure and there is no one agreed method. However, a 
number of methods are being tried in developed nations 
and organisations to measure sustainable development 
that are a combination of economic, social, institutional 
and environmental indicators. A few examples of these 
measures are Gross Domestic Product (GDP), Net National 
Product (NNP), System of Integrated Environment and 
Economic Accounting (SIEEA), Human Development 
Index (HDI), Physical Quality of Life Index (PQLI) and 
Environmental Impact Assessment (EIA). 

There are serious problems in developing measures 
of sustainable development such as, availability of data, 
development of single compound indices, development 
of institutional indicators and the integration of various 
aspects of sustainable development. 

The major steps to measure sustainable development 
are 

(i) Effective and appropriate mechanisms for data 
collection. 

(ii) Development of appropriate indicators. 

Environmental education is important for promoting 
sustainable development and improving the capacity of 
the people to address environmental and developmental 
issues. According to Agenda 21 of the Earth Summit 
held in Rio-de-Janeiro, 1992: “Education is critical 
for achieving environmental and ethical awareness, 
values and attitudes, skills and behaviours consistent 
with sustainable development and for effective public 
participation in decision-making”. 

Obliviously, an inter-sectoral, holistic and 
participatory approach is clearly needed for sustainable 
development. The pre-occupation of the policy maker 
with short-term issues create problems in management 
of natural resources and in conservation of valuable 
ecosystems. That in turn requires a holistic approach, 
which considers economics and ethics as a part of the 
whole - an inter-connected circle, which at present 
has been broken. Sustainable development can only be 
achieved where people are well informed of the challenges 
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and have the relevant knowledge, skills and motivation 
to address them. 


2.11 Concept of Sustainable Consumption 


Source: Whither Common Source: Whither Common 
Lands? Published by Lands? Published by Samaj 
Samaj Parivartana Parivartana Samudaya, 

Samudaya, Dharwad Dharwad et al. (October 1988) 


et al. (October 1988) 


Based on the definition of Sustainable Development 
(SD), we can define Sustainable consumption as 
“consumption that meets the needs of the present without 
compromising the ability of the future generations to 
meet their own consumption needs”. 

But, unlike other animals, consumption by humans 
is not limited to fulfiling the basic needs for survival — it 
also involves satisfying ‘necessities’ and ‘luxuries’. Needs 
are resources absolutely fundamental to life, whereas 
necessities are essential to maintain a particular lifestyle, 
while desires pertain to a particular lifestyle’s comforts 
or luxuries. 

It has usually been found that the resources required 
to fulfil a community’s luxuries are far greater than the 
resources required to fulfil basic needs. To meet resource 
requirements and other inputs necessary to support 
community life, every modern human settlement depends 
on an area much larger than that is actually occupied by 
the settlement itself. Also, the waste and other outputs 
generated are dispersed over an area far beyond the 
settlement limits and boundary. The total combined 
area required to satisfy these inputs and outputs is 
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described as the ecological footprint for the human 
settlement under consideration. When considering the 
global human settlement, it has been estimated that 
human societies occupy approximately 2 per cent of the 
planet’s surface area, but consume 75 per cent of the 
planet’s resources. Considering this consumption and 
corresponding resource depletion, all individuals are 
equally to blame. 


Requirement Class Community Requirements 


NEEDS (fundamental to Life) | Food, Water, Shelter, 
Clothing 


NECESSITIES (minimum Primary Education, Basic 


Standard of Living) Health Services, Social 
Security 


DESIRES (varying Standards | Entertainment, Public 
of Living) Comforts, Personal Luxuries 


Source: Sustainability and Human Settlements: Fundamental 
Issues, Modeling and Simulations. M. Monto, L.S. Ganesh, and 
Koshy Varghese. Sage Publications (2005) 


Inequity in Consumption 


It is seen that consumption patterns vary between the 
developed and developing nations, and within each 
nation — between the rich and the poor. 

Usually the more affluent people consume more 
resources and also contribute more to pollution, as they 
aspire to satisfy their luxurious requirements in addition 
to their basic needs. This results in corresponding 
damages to the environment. Some of the major pollution 
problems that the world faces today including depletion 
of ozone cover, the implications of global wAn and 
the accumulation of toxic 
wastes in the environment 
are mostly due to the high 
consumption associated 
with affluent lifestyles. 

In the case of poor 
people, the impact on the 
environment is not as 
much—they can barely 
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fulfil their basic survival needs. Many poor especially in 
urban dwellings lack access to clean drinking water and 
toilets; they live in unhygienic conditions, and cannot 
afford nutritious food. These environmental conditions 
often lead to spread of disease. 


The Population Problem 


There will be more than 7 billion individuals on the 
planet by the year 2010. The question then arises as 
to how will the earth support this additional population 
with needs of food, clean water, clothing and housing 
(basic needs)? Are there enough resources available? 
In addition, if the desire for luxury of this population 
are considered, what will be the situation in terms of 
environmental pollution? 
Sustainable Consumption - What Can Be Done? 
Some steps, which can be taken to help the 
environment and future generations, would include: 
Reuse items 
Reduce waste 
Recycle waste 
Control population 
Environmental education. 


2.12 Ecological Footprints 


Ecological footprint is an intuitively appealing measure 
of sustainability. It is defined as the total land and water 
area required to produce all that the human population 
consumes and to dispose all the wastes that it generates 
at any given point of time. This area would typically 
include agricultural and horticultural land, grazing 
areas, parts of rivers and oceans that are used for fishing, 
waste disposal sites and crucially, the land required to 
support the plant life, essential for maintaining the level 
needed to sequester atmospheric carbon. Clearly, if this 
area is greater than the earth’s geographical area, human 
consumption is not sustainable. 

This concept was formally developed by a Canadian 
ecologist William Rees and his doctoral student Mathis 
Wackernagel in the early 1990s. Subsequently, the 
concept has been widely applied both in academic and 
policy-making circles. 

To understand the utility of this concept, we need to 
appreciate the fact that any given habitat can indefinitely 
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support only a certain (maximum) population of a given 
species without impairing its productivity permanently. 
This is indeed the notion of carrying capacity. When 
applied to human populations however, the concept 
could be somewhat inadequate (as a sustainability 
measure) since humans are capable of increasing their 
numbers by importing resources that are locally scarce 
and upgrading technologies at their disposal. The 
concept can then be inverted by asking the question: 
how much of productive land (and water) is required to 
sustain a human population indefinitely, wherever the 
land (and water) is located, given the level of technological 
sophistication. Area of land/water required in terms of a 
numeric value say hectares provides a snapshot view of 
the ecological burden and could be a reliable parameter 
to emphasise the finite character of global resources. 

In practical terms, there are several ways to calculate 
ecological footprints. The Wackernagel and Rees 
calculation method begins with the construction of a 
‘consumption by land use’ matrix for a given population. 
The ‘consumption’ dimension covers food, housing, 
transport, consumer goods and services, while the ‘land 
use’ dimension encompasses built-up areas (supporting 
roads, housing and other infrastructure), crop land 
and pastures (for production of food and other goods), 
managed forest (for production of wood products), and 
energy-land (for sequestering carbon dioxide emissions 
resulting from the burning of fossil fuels). Aggregating 
the land area appropriated by each land use category 
generates the ecological footprint. 

An important question is the scale at which the 
ecological footprint is calculated. When calculated at the 
level of countries, it could point to the differential burdens 
imposed on world’s resources by countries at different 
levels of economic development. According to an estimate 
by Rio+5 Forum (1997), ecological footprint for the entire 
world is 2.8 hectare per capita whereas the available 
capacity is 2.1 hectare per capita. Corresponding figures 
for U.S.A. are 10.3 and 6.7, while those for India are 
0.8 and 0.5. While both U.S.A. and India are consuming 
more than their ecological limits, an average U.S. citizen 
is creating an ecological burden almost thirteen times 
than that of the average Indian citizen. Looked at this 
way, it draws attention to uneven ecological burdens 
created by countries and emerges as a political rallying 
in international negotiations. 
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2.13 International Economic Regimes, 
Forces of Globalisation 


International economic regimes refer to the conditions, 
norms, regulations and procedures that help coordinating 
economic action of various global players - countries, 
groups of countries and national/international interest 
groups. Regimes are usually associated with specific 
political or economic positions subscribed to by major 
global actors. Post Cold War world politics (1990s) is 
largely based on liberalised trade relationships among 
nations, and a ‘free trade’ regime is clearly the dominant 
economic regime today. The World Trade Organisation 
(WTO) - the ‘postrunner’ of the General Agreement on 
Tariffs and Trade (GATT) - is the key institution that 
attempts to set the rules of world trade and shape global 
economic governance. 

The environmental counterpart of WTO is not 
one organisation, but a large number of multilateral 
environmental agreements like the Kyoto Protocol and 
the Convention on Biological Diversity (CBD). These 
agreements bind signatories to domestic action for the 
benefit of the global environment. For example, the Kyoto 
Protocol enjoins its parties to reduce greenhouse gas 
emissions to levels specified for each of them, and the 
CBD mandates countries to develop national programmes 
for conservation and sustainable use of biodiversity. 

An inevitable consequence of these processes is the 
integration of national economies into the global economy 
at an increasing pace; this phenomenon is most often 
referred to by the umbrella term — globalisation. However, 
as seen above, globalisation occurs at various levels, 
economic and environmental, each one influencing the 
other in complex ways. For example, free trade could have 
adverseenvironmentalconsequencesifdevelopedcountries 
can ‘export’ their pollution to developing countries rather 
than mitigate it within their territories, which could be 
a costlier action. Likewise, reduction of greenhouse gas 
emissions could reduce the pace of economic growth in 
developed countries and indeed in some late-developing 
countries. It is recognised that the ecological footprints of 
developed countries are several times higher than those of 
developing countries, indicating that the costs of affluent 
lifestyles of citizens of rich nations are usually borne by 
people across the globe. 
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The forces of globalisation also influence local cultures 
and knowledge systems, specially in developing countries, 
often leading to accentuation of the rich-poor divide. 
For example, mass-produced chemically synthesised 
medicines tend to crowd out traditional systems of 
herbal medicine, leading to both loss of local biodiversity 
and erosion of knowledge about curative properties of 
herbs. In the agricultural sector, widespread use of 
high-yielding and input-intensive seed varieties likewise 
reduces the number of traditional crop varieties that are 
products of centuries of local innovation. Interestingly, 
such local knowledge could provide crucial pointers 
towards product development of commercial interests, 
such as pharmaceutical companies, in the developed 
world. The Convention of Biological Diversity indeed 
requires member states to encourage equitable sharing 
of benefits (commercial) out of use of local knowledge 
and innovations. 

Anti-globalisation has emerged as a political 
rallying point in recent years. An alternative economic 
regime based on reinforcement of national sovereignty 
and selective isolation from global markets is often 
proposed by political systems that are arguably a global 
minority. An environmentally benign development path 
based on a mix of modern and traditional production 
systems has also been proposed, albeit at geographically 
restricted scales, as a barrier against homogenisation 
of technology. 


2.14 International Regimes of 
Environmental Regulation, 
Framework Convention on Climate 
Change, Law of Sea, Trans-boundary 


Movement of Hazardous Wastes, etc. 
Modern international environmental laws are the result 
of advances in scientific and technological knowledge that 


led to a better understanding of the impact of globalisation 
of economic activities and human interference with nature. 


Origins and Early Development 


The bilateral fisheries treaty to curb overfishing to 
prevent extinction of certain fish species (19th century) 
can be said to be the first international treaty concerning 
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environmental law. The global consensus towards 
protection of environment came with the convening of 
1972 UN Conference on Human Environment (UNCHE) 
at Stockholm. UNCHE resulted in the adoption of the 
Stockholm Declaration of Principles, establishment of 
the United Nations Environment Programme (UNEP), 
adopting an Action Plan for the development of 
environmental policy, and creation of an Environment 
Fund. In 1987, the Brundtland Report brought out 
by the U.N. defined sustainable development as has 
been stated in section 2.10. The attention received 
from the Brundtland Report and World Commission 
on Environment and Development (WCED) laid the 
foundation for the convening of the United Nations 
Conference on Environment and Development (UNCED) 
in 1992 at Rio, Brazil (the Earth Summit). 


Rio and Beyond 


The Earth Summit adopted three non-binding 
instruments: the Rio Declaration; UNCED Forest 
Principles and Agenda 21. It also put forward two binding 
legal instruments: United Nations Framework on Climate 
Change (UNFCC) and the Convention on Biological 
Diversity (CBD). UNFCC sets an overall framework for 
inter-governmental efforts to tackle the challenge posed 
by climate change. A legally non-binding treaty, adopted 
in 1994, recognises that the climate system is a shared 
resource whose stability can be affected by industrial 
and other emissions such as greenhouse gases (GHG) 
including carbon dioxide. Since the treaty is non-binding 
in nature, member countries of the UNFCC negotiated 
an international agreement known as “the Kyoto 
Protocol” which came into force in 2005. Through a set of 
“common but differentiated responsibilities”, the Protocol 
mandates developed countries to reduce GHG emissions 
as per treaty requirement. For developing countries 
like China, India and others it obligates monitoring 
and reporting GHG emissions and do not enforce a 
cap. The three innovative market-based mechanisms, 
Emissions Trading, Joint Implementation and the Clean 
Development Mechanism, under the protocol provides 
developed countries to earn and trade emissions-credits 
through projects implemented either in other developed 
countries or in developing countries, which they can use 
towards meeting their commitments. 
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International effort towards protecting biodiversity 
led to the adoption of the Convention on Biological 
Diversity (CBD). CBD covers all ecosystems, species, and 
genetic resources and recognises that the conservation of 
biological diversity is “a common concern of humankind”. 
The CBD has three main goals: first, the conservation of 
biodiversity, second, sustainable use of the components 
of biodiversity, and third, sharing the benefits arising 
from the commercial and other utilisation of genetic 
resources in a fair and equitable way. These goals are 
to be achieved through respective national legislations. 

In order to deal with the issues of biosafety under 
the CBD, the Cartagena Protocol on Biosafety, a 
supplementary agreement to CBD, was adopted. The 
Protocol through precautionary approach seeks to 
protect biological diversity from the potential risks posed 
by genetically modified organisms resulting from modern 
biotechnology. It establishes an advance informed 
agreement procedure for ensuring that countries are 
provided with the information necessary to make 
informed decisions before agreeing to the import of such 
organisms into their territory. 


Other Initiatives 


The last four decades saw proliferation of multilateral 
environmental treaties. The difficulty has been the extent 
of coverage environmental issues pose and in defining 
“environment”. Various environmental disasters in the 
high seas such as Torrey Canyon, 1967, Amoco Cadiz, 
1978, the Exxon Valdez, 1989 and the Prestige, 2002 
have resulted in several regional and international 
cooperation agreements dealing with pollution in marine 
environment. The United Nations Convention on the Law 
of the Seas, 1982 adopted to provide a comprehensive 
agreement establishing legal order and rules, defining 
rights and responsibilities of nations and addressed 
pollution of the marine environment. 

The Convention on the Control of Transboundary 
Movement of Hazardous Waste and their Disposal, 1989 
establishes a global regime based on Proximity Principle 
for control of international trade in hazardous and other 
wastes. It setsforth State parties obligation, i.e., exporting, 
transit and importing countries, through prior informed 
written consent to ensure that the transboundary 
movement is reduced to minimum inconsistent with 
environmentally-sound and efficient management. 
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Over the years, general concepts that found place 
in international environmental treaties, national 
legislations, and judicial decisions have become well- 
established principle of international environmental 
law. These principles i.e., sustainable development, 
precautionary principle, polluter pays principle, inter- 
generational and intra-generational equity, principle of 
common but differentiated responsibility etc., are now 
entrenched in most legal systems. 

International environmental law is now a full- 
fledged subject covering all the conceivable aspects 
of environmental law. This has led to multiplicity of 
institutions; there has been a call for setting up a world 
environmental organisation in similar lines to World 
Trade Organisation to streamline the implementation of 
international environmental law. 
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Chapter 3 


KNOWLEDGE, SCIENCE, 
‘TECHNOLOGY AND 
ENVIRONMENT 


3.1 Growth of Knowledge and Human 
Colonisation of New Environments 


Students of human evolution trace human dominance 
of the earth to their invasion of the cognitive niche, 
to their ability to elaborate knowledge. This permitted 
people to tap an enormous range of food resources from 
roots and tubers, fruits and berries, to fish, fowl and 
large mammals. They also elaborated ways of shielding 
themselves against extremes of weather by construction 
of shelters and clothing. All of this knowledge was 
deployed to permit them to move beyond their ancestral 
home of tropical savannahs and colonise much of land 
barring extreme deserts, highest of mountains like 
Himalayas and polar regions. 

Progress over land by foot required no advances in 
knowledge. Crossing short stretches of seas, probably 
on logs also did not need any special knowledge. So 
people seemed to have reached Australia as early as 40 
thousand years ago; they colonised the America using a 
land bridge in Bering straits 
during the last ice age. 

But colonisation of more 
remote oceanic islands ~ 
like Hawaii, New Zealand 
and Madagascar required 
development of greater 


navigation skills and more seaworthy crafts. This was 
accomplished slowly between 2000 to 500 years ago. 

The latest major episode of colonisation of new 
environments is that of outer space, beginning with 
the launch of Sputnik over 50 years ago and with 
landing of man on moon and establishment of space 
stations. 


3.2 Growth of Knowledge and use of 
Newer Resources 


A number of examples of more and more intensive use 
of energy resources, moving from use of human muscle 
power to animal muscle power, from wood to coal to 
petroleum, from shallower to deeper and deeper deposits 
to less dense energy sources such as shale are provided 
in the write up “Changing global patterns of energy and 
water consumption — from ancient to modern times” in 
section 7.1. Similarly, the same theme talks of more and 
more intensive use of water resources, moving from use 
of surface to ground water to desalinated sea water. All 
of this is related to growth of science and technology. 
Similar examples are seen in the use of a variety of 
materials. Initially people primarily depended on natural 
materials such as stone, wood and bone. The first major 
departure was use of metals. Most metals naturally occur in 
oxidised forms and development of techniques of obtaining 
these in reduced form by use of substances like wood 
charcoal permitted a whole range of new uses. Over time, 
metals requiring higher and higher energy inputs such as 
aluminium have been brought into use. The next major 
innovation has come with growth of modern chemistry and 
development of a whole range of synthetic materials like 
plastics, polyfibres, pesticides, detergents and so on. 


3.3 Growth of Knowledge, Control of 
Diseases and Population Growth 


The developments and sophistication in food production, 
health care, etc., that we see today in the world we 
live in, has resulted from the steady advancement of 
knowledge since the dawn of human civilisation. It has 
taken thousands of years to reach this far and there is 
no sign of knowledge making an end. 

The history of medical knowledge has also gradually 
improved from ancient to modern times beginning 
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with intuitive and observational propositions to using 
sophisticated machines and instruments to diagnose 
health problems. During the second half of the 20th 
century there evolved a common international goal 
towards health resulting in the setting of international 
objective of “Health for all” by 2000 AD under the initiative 
of World Health Organisation. Different countries 
contributed towards achieving this target. 

As mentioned earlier, the evolution of medicine is 
as old as human civilisation. It is thus considered as 
one aspect of the history of culture. The Indian medical 
system is considered to be one of the oldest systematically 
practiced medical systems. It included the Ayurveda and 
the Siddha System whose origin is traced back to about 
5000 Bc. Chinese, Egyptian, Mesopotamian, Greek, 
Roman medicine, were followed by preventive and the 
modern scientific medicine at the close of the 19th 
century. 

With the advent of the modern medicine, over the 
years, the tools of diagnosis have become refined, 
sophisticated, specific and potent. Since then there has 
been a tremendous growth of specialisation in response 
to advances in medical technology due to changes in the 
nature and distribution of health and disease pattern. 
Many specialities and super specialities emerged such 
as surgery, radiology, anaesthesia - some based on 
parts of the body. At the same time, chances of getting 
cured became more tough and at a high cost. But with 
the introduction of preventive and social medicine, there 
has been a concerted effort by different groups such as 
Government, NGOs, Trusts, etc., towards eradication 
of diseases from the society as a whole through free 
immunisation programmes, disinfection of public places, 
free medical treatment, environmental management, etc. 
As a result of this, many diseases have been eliminated 
completely or almost completely or prevented from resulting 
into an epidemic, some of which are discussed here. 


1. Smallpox: Till 1970, smallpox was a major killer 
throughout the world. The smallpox causing virus was 
eradicated from human population through vaccine. The 
WHO declared on 8 May 1980 that smallpox has been 
eradicated from human population. 


2. Influenza: Influenza virus was also a major killer 
throughout the world. Influenza pandemic occurred 
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occasionally such as in 1918-19. It affected more than 
50 million people and killed as many as 20 million. 
In India alone, over 6 million people died. Another 
pandemic occurred in 1957, which affected over 1000 
million people worldwide. In India, over 2.5 million were 
officially reported to have fallen sick with 765 deaths. 
The next pandemic occurred in 1968. But with the 
availability of various types of vaccines, prophylactic and 
curative drugs, the number of lives lost have reduced 
to very small numbers during epidemics and pandemics 
that followed thereafter. 


3. Tuberculosis (TB): Tuberculosis was also once 
considered a deadly disease but today the number of 
deaths has decreased drastically over decades. This 
has been possible due to BCG vaccination since 1950s 
and other chemoprophylactic treatments available now. 
The rough estimate of mortality from tuberculosis per 
100000 population was 400 in 1920-21; 200 in 1950-51; 
100 in 1964; 60-80 in 1980 and even lower now. The life 
span of TB patients has also increased tremendously. 

Not only diagnostic tools, prophylactic and curative 
measures have improved tremendously, so also 
were inventions towards birth control measures and 
manufacture of various contraceptives throughout 
the world, especially in the developed countries since 
1970s. 

Advancements in prevention and eradication of 
diseases along with birth control measures showed their 
impacts on the population trends. Given below is the 
human world population beginning with the introduction 
of modern medicine (Fig. 3.1a) 

A closer look at the trend in population growth 
indicates that there has been more or less a gradual 
increase in population till 1950. But thereafter a sharp 
increase has been observed till 1980. This could be 
attributed to the advancements taking place in medicine 
since 1950s. The world human population interestingly 
did not show the expected increase since 1980s. It can 
be noted here that, since the late ’70s, population control 
measures came to be introduced in most parts of the 
world. This means that though death rates showed sharp 
decline due to advancement in health care, food security, 
etc., correspondingly, birth rate also showed a decline 
resulting in controlling the population growth rate. For 
example, China introduced birth control measures in 
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Fig. 3.1a: World population growth 


1971 persuading its citizens not to have more than 2 
children. In 1979 it introduced a more aggressive plan 
of offering incentives for late marriages and having just 
one child who would get provision of free medical care, 
schooling, employment, cash bonus, housing, etc. Along 
with this package was introduced an equally strong and 
harsh penalty for giving birth to a second child. As a 
result of this, between 1972 and 2000, the crude birth 
rate fell by 50 per cent. 

However, in India, the population growth did not 
show a trend similar to the world population. A steep and 
steady increase has been observed since ’50s (Fig. 3.1b). 
The Government of India’s initiative for Family Welfare 
Programme towards maintaining small family with 
slogans such as “Hum do hamare do” took much longer 
time to be accepted and become effective. Nevertheless, 
various birth control measures started picking up pace 
thereafter. The decline in birth rate since the early ’90s 
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Fig. 3.1b: Population growth in India 
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Fig. 3.1c: Crude birth and death rate in India 


can be attributed to this. However, the corresponding 
decline in India’s crude death rate exceeds the crude birth 
rate (Fig. 3.1c) contributing to increase in population. 
With this trend in population growth continuing, 
India is expected to be the most populous country by 
2050 with an estimated population of 1928 million. 


3.4 Implications of Intellectual Property 
Rights for Environment 


Intellectual property rights are the rights given by law to 
those who have produced something of value by using 
the creativity of the mind. Paintings, music, inventions, 
brand names, trade marks, designs, books are all the 
result of creativity and can all be protected by using 
intellectual property rights. 

There are eight main forms of intellectual property 
rights. These are copyright, trademark, geographical 
indication, design, patent, plant variety protection, layout- 
design of integrated circuits, and confidential information. 
Each of these covers a different kind of subject matter 
and is governed by its own law. The table below shows the 
different forms of intellectual property rights. 

The main intellectual property rights relating to the 
environment are geographical indication, plant variety 
protection and patent rights. 

A geographical indication is granted when a product 
possesses a special characteristic because it comes from 
or is associated with a particular geographical location. 
It may have developed a special quality because of the 
unique features of the area from which it is derived, 
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Intellectual Right Law Subject Matter 
Property 


1. Copyright Copyright Act, 1957 | Literary, dramatic, 
musical and artistic 
works, movies, 
sound recordings, 
performances, 
broadcasts. 


2. Trade Mark Trademarks Act, Trade marks and 
1999 trade names of 
goods and services. 


3. Geographical The Geographical Goods that possess 
Indication Indications of Goods | a characteristic or 
(Registration and quality because of 
Protection) Act, 1999| the geographic 
location from 
where they 
originate. 


The Designs Act, Features of shape, 

2000 ornament, pattern 
etc., of a product 
that appeal to the 
eye. 


5. Patent Patents Act, 1970 


6. Plant Variety The Protection Plant varieties that 
Protection of Plant Varieties is uniform, stable 
and Farmers’ Rights | Act, 2001 
and distinct. 


7. Layout-Design | The Semiconductor | Layout of transistors 
of Integrated Integrated Circuits and other 
Circuits Layout-Design circuitry elements. 
Act, 2000 


8. Confidential No special law Valuable information 
Information that is kept as 
a secret. 


or it may have a special reputation connected with the 
geographical location. Darjeeling Tea, Kancheepuram Silk, 
Mysore Sandalwood Oil and Orissa Ikat are all geographical 
indications that have been granted in India. This intellectual 
property right enables the genuine manufacturer to prevent 
any unauthorised person from using the geographic indication 
to describe his or her goods. 

Under the plant variety protection law, a plant 
breeder’s right is granted to a person who has bred 
a new plant variety. A farmer’s variety can also be 
granted protection, even if it is not novel. However, this 
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intellectual property right can be refused if granting it 
would be contrary to public order or morality, or not in 
the interests of human, animal or plant life and health. 
It can also be refused if it could cause serious prejudice 
to the environment. Plant varieties involving genetic use 
restriction technology and terminator technology cannot 
be protected as these technologies are considered to be 
harmful. New plant varieties are often developed from 
germplasm that has been used, developed or conserved 
over generations by local communities. In such a case, the 
local community concerned can apply for and be granted 
compensation for its contribution to the evolution of the 
protected variety. 

A patent is granted for an invention. If the invention 
involves the use of biological material, the source and 
geographical origin of the material used must be stated. 
This makes it possible to monitor the use of biological 
diversity in the manufacture of patented products. Justas 
in the case of plant varieties, a patent can be refused if the 
intended use of the invention is contrary to public order 
or morality, or can cause serious prejudice to human, 
animal or plant life or health or to the environment. 

These intellectual property rights demonstrate a 
concern for the environment. No protection is given 
to any intellectual property that might cause serious 
environmental harm. In addition, before applying for any 
intellectual property right based on an Indian biological 
resource, the approval of the National Biodiversity 
Authority is necessary. While granting its approval, the 
National Biodiversity Authority may impose conditions 
to ensure the equitable sharing of benefits with local 
bodies and benefit claimers. If any intellectual property 
is applied for abroad, and it is based on India’s 
biodiversity or traditional knowledge, the National 
Biodiversity Authority can oppose such an application. 
Thus environmental concerns have been reflected in the 
intellectual property rights system. 


3.5 Biotechnology, Agriculture, Health 
and Environment 


Biotechnology, which involves controlled usage of 
biological processes, finds wide application in many 
aspects ofour everyday life. In simple terms, biotechnology 
employs micro-organisms to convert simple organic 
molecule e.g., sugars etc., into more useful products e.g., 
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alcohol, butanol etc. Though the term biotechnology has 
originated recently, it is an age-old discipline, which has 
been observed in making of wine, vinegar, and curd etc., 
activities that are dated back to 5000 Bc. The quest in 
the field continued and showed an upward trend from 
penicillin production to Recombinant DNA technology 
and enzyme engineering. Today we see a marked role of 
biotechnology in improvement of agriculture, health care 
and environmental protection besides many others. 


Biotechnology and Agriculture 


The field of plant biotechnology by use of plant parts 
(cells, tissues and organs) generates useful products 
and services which help in improvement of agriculture. 
It has led to improvement in both quantity and quality 
of crops. With the help of plant tissue culture rapid 
clonal multiplication of plants through vegetative parts 
like adventitious shoot, bulb, protocorm etc., have been 
made possible. This process called micro-propagation 
is being utilised in India for commercial production of 
mainly ornamental plants and fruit trees, e.g., banana. 
The most notable and widespread application of 
biotechnology though in agriculture by far is in engineered 
crops. Thousands of such products have been field tested 
and over a dozen have been approved for commercial 
use. The traits most introduced into crops are tolerance 
to herbicides, insects, virus and stress. Introduction of 
these traits not only increase the yield but also reduces 
the load of hazardous chemical used in agriculture 
on the environment. Currently available commercial 
herbicide tolerant crops are tolerant to three herbicides 
based on three active ingredients i.e., bromoxynil, 
glyphosate and glufosinate. As of insect tolerant plants 
all commercially available ones contain a version of the 
toxin Bacillus thuringiensis (Bt) which is found in nature 
in soil bacteria e.g., Bt cotton. A major apprehension 
among farmers and environmentalists is that the wide 
use of Bt crops will lead to the development of resistance 
to the toxin which will render Bt toxin useless as a 
pesticide. Papaya and squash are the two virus tolerant 
plants currently approved for commercial use. Nitrogen 
fixing plants have since long been used by farmers to 
replenish the nitrogen in the soil. High on researchers’ 
list is to introduce the feature of nitrogen fixation in non- 
leguminous plants which would allow farmers to decrease 
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their use of synthetic fertilisers while maintaining high 
yields; result in nitrogen from fertilisers retaining in the 
soil; and enhance productivity in many regions of the 
developing world whose farmers cannot afford nitrogen 
fertilisers. Crop breeders through genetic modification 
can also use biotechnology to discover genes of value 
in wild species and transfer them into crops. This will 
expand the genetic variation in stable crops as desirable 
traits are bred into them. This will significantly expand 
the gene pool used in modern agriculture reducing risk 
of crop failures and also expand wild relatives of modern 
crop plants that might be threatened to extinction. 
Thus using biotechnology in agriculture will ensure 
fewer agricultural inputs such as fuel, labour, water 
and fertiliser; reduce overall chemical stress on the 
environment while increasing yield and food quality. 


Biotechnology and Health 


Contribution of biotechnology in health care is more 
prominent, frequent and more rewarding both financially 
and psychologically. The major contribution of the field 
in this sector can be grouped under the following broad 
categories such as: (i) disease prevention, (ii) disease 
detection, (iii) therapeutic agents, (iv) correction of genetic 
diseases, and (v) fertility control and forensic medicines. 

Vaccination/immunisation is the most desirable 
and convenient method of disease prevention, a field 
that shows the contribution of biotechnology. Vaccines 
help in effective prevention of the disease even for those 
diseases without cure. Eradication of small pox is an 
example of efficiency of vaccination. The Government 
of India is also undertaking a strong drive through 
vaccination for eradication of Polio. Vaccines can be 
conventional vaccines consisting of whole pathogenic 
organism, which can be killed or live (e.g., bacterial and 
viral vaccines). It can also be purified antigen vaccines 
based on isolated vaccines (e.g., polysaccharide vaccines 
for meningitis, pneumonia etc.) or recombinant vaccine 
produced by recombinant DNA technology. Efforts are 
already underway for production of edible vaccines, 
which are genetically modified plants or transgenic 
plants containing vaccines for a particular disease in 
their edible parts. Disease diagnosis is another area 
where biotechnology has helped replace the tedious and 
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time-consuming conventional method with more precise 
and rapid methods through the use of (i) DNA/RNA 
probes, and (ii) monoclonal antibodies (Mab). Probes or 
small nucleotide (DNA/RNA) sequences are available for 
Plasmodium (malaria), Wuchereria (filaria), Mycoplasma 
Tuberculosis complex etc., Monoclonal antibodies are 
employed in classification of blood groups and in early 
and accurate detection of cancers. Identification of genes 
responsible for many ailments caused due to genetic 
disorders is very essential. Biotechnology can help in 
development of gene therapy. It can also aid in advising 
people who are carriers of such diseases on the chances 
of their children inheriting the disease. In addition, 
cases of such diseases can be reduced by early detection 
of the afflicted foetuses and thereby terminating such 
pregnancies. Therapeutic agents can be derived from 
micro-organism, plant and animal cultures using 
biotechnology. 

Rapid increase of human population is also a concern 
and efforts are in the pipeline to produce fertility control 
vaccines, which are safe, effective and accessible. DNA 
finger printing, a part of biotechnology, is being widely 
used for solving cases related to crimes, establishing 
identity of victims of murder and accidents and also in 
paternal disputes. 


Environment and Biotechnology 


Technological development coupled with changing 
lifestyles of people has increased the load on 
environment. All the production systems adopted today 
mostly generate wastes, which are not biodegradable 
and cause harmful consequences on the environment. 
Various anthropogenic activities—domestic, agricultural, 
industrial, transport etc., contaminate air, water and soil. 
Consciousness towards the destruction of environment 
also has increased along with efforts being undertaken 
from every quarter to minimise degradation. With the 
use of biotechnology measures have been undertaken 
(i) to clean up the pollution generated by other 
technologies, and (ii) to produce technologies, which 
are comparatively cleaner. The various approaches to 
waste treatments may be grouped into the following 
five categories: 

1. Biofilters (gases) 

2. Landfill (solids) 
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3. Burning or incineration (solids) 

4. Aerobic digestion (liquid) 

5. Anaerobic digestion (liquid). 

Biofilters are devices which consists of either a 
solid support or two-phased (gas/liquid) system and 
appropriate micro-organisms to convert gaseous wastes 
into non-hazardous compound. Solid wastes can be 
sorted out into biodegradable and non-biodegradable 
components. The latter may be recycled and the former 
may be incinerated or used for anaerobic digestion. But 
the cost of sorting the wastes being uneconomical, the 
entire solid waste is generally dumped into pits, the 
process is called landfill. Landfill is an approach used to 
treat solid wastes, like garbage and the solid remaining 
after liquid waste treatment. The wastes are used for 
landfill in which a natural or man-made pit is filled with 
the wastes. Landfill sites can be used as a source of 
biogas or may be a landscape, planted with vegetation. 
Liquid wastes are treated by either aerobic digestion in 
large centralised water reclamation or sewage treatment 
units. The solids or sludge recovered from liquid wastes 
may be disposed off as fertilizers in agricultural fields, 
disposed off into the sea, used in landfills with other 
wastes or incinerated. 

Bioremediation is one approach in which biological 
organisms such as bacteria, fungi, plants and their 
enzymes are employed to eliminate toxic pollutants from 
contaminated sites. Bioremediation can be done in situ, 
i.e., on-site treatment of wastes or ex situ, i.e., treatment 
of contaminated water elsewhere. Bioremediation with 
the use of micro-organisms is either done with naturally 
occurring microbes or microbial inoculants developed in 
the laboratory and introduced at the site. In India, a 
bacterial inoculant, ‘Oilzapper’ has been developed from 
a consortium of bacterial species to clear oil spills and 
oil sludge. Not all contaminants can however be treated 
with microbes. Heavy metals like cadmium and lead are 
not readily absorbed by microbes. These may persist 
in the environment and build up their concentration 
with time and lead to bio-accumulation in the food 
chain. Many plants are hyper accumulators and 
can take up heavy metals and accumulate them 
upto considerable quantities. Such plants are used 
to clean up contaminated sites and this approach of 
using plants for reclaiming degraded sites is known as 
phytoremediation. This approach is significant due to 
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environmental pollution with metals and xenobiotics 
(man-made chemicals present in the environment at 
high concentrations) and also due to prospect of future 
engineering of plants for clean up of environment. 
Some examples of phytoremediation are use of Thlaspi 
caerulescens for cadmium and zinc accumulation, 
Brassica juncea (Indian mustard) and poplar trees for 
lead and sunflower for arsenic. 


3.6 Intellectual Property Rights over 
Living Organisms 


Intellectual property rights can be granted over living 
organisms by means of plant variety protection and 
patent rights. Plant variety protection was available only 
after India enacted a law providing for such protection 
in 2001. A patent was available, but originally no patent 
was permitted in India over living organisms. 

A patent is granted for an invention that is new, 
involves an inventive step, and is useful. The patent law 
was enacted with the industrial revolution in mind, when 
new and better manufacturing equipment and processes 
were being devised. The patent gave the patent-holder 
the exclusive right to the invention for a limited number 
of years. During that time, no one could make the 
invention without the patent-holder’s consent. In return, 
the patent-holder had to disclose the complete details 
of the invention, setting out exactly how the invention 
was made. This information was available to the public, 
enabling others to learn from it. The patent system thus 
tried to balance the public good in rapid progress with the 
individual interest in making a profit from the invention. 

Developments in biotechnology led to the ability to 
modify genes in living organisms. Such modified living 
organisms were originally not considered “inventions” 
and no patent was granted on them. The view taken was 
that all living organisms are the products of nature and 
belong to all mankind. No person could be granted an 
exclusive right over them. Some persons took the view 
that life is given by God; it is not made by man. So no 
living organism can be the invention of a human being, 
and no patent can be granted. 

In the United States of America, a scientist of Indian 
origin named Ananda Chakrabarty developed a genetically 
modified bacterium that could degrade oil and was useful 
for clearing up oil spills. He applied for a patent in the 
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United States on this “oil-eating” bacterium. In 1980, 
the United States Supreme Court heard the matter 
and granted the patent. It said that “anything under 
the sun made by man” could be patented, including 
a living organism. Many countries disagreed with this 
view, including India, and continued to refuse patents 
on living organisms. 

In 1995, an international agreement called the 
Agreement on Trade-Related Aspects of Intellectual 
Property Rights (TRIPS Agreement) came into force. 
Under this Agreement, India agreed to allow patents on 
micro-organisms. Following this Agreement, the Patent 
Act was amended in 2002, permitting patents on micro- 
organisms. This was the first time that a patent on a 
living organism was permitted in India. While a patent 
on a micro-organism can now be granted in India, no 
patent is permitted on any other form of living organism, 
such as plants or animals. 

Intellectual property rights over plants are generally 
granted through breeder’s rights under the plant variety 
protection law. If a plant variety is new, uniform, stable 
and distinct, the breeder can get exclusive rights over 
it for a limited period of time. This would mean that a 
farmer who is not a breeder and who grows the protected 
plant variety is not allowed to save the seed for resowing 
the next year, which is a traditional practice amongst 
farmers. Other practices such as exchanging the seed 
grown on the farm with another farmer would also 
become illegal. To prevent this, a new form of protection 
called “farmers’ rights” was also provided in India’s 
plant variety protection law. India was the first country 
to provide such rights to its farmers. Because of the 
farmers’ rights, the farmers’ age-old practices of saving, 
sowing, using and exchanging seeds remain legal even 
when the breeder has been granted exclusive rights in 
the plant variety. The traditional farming practices of 
Indian farmers are, therefore, protected and can continue 
unchanged. A farmer can also be a breeder, and can get 
breeders’ rights in new seed varieties that he or she may 
have developed. 

Intellectual property rights over animals are not 
granted in India. Some countries do permit patents 
on genetically modified animals. Some limit is often 
placed on the grant of such patents. For example, in the 
European Union, the patent office is required to weigh 
any suffering likely to be caused to the animal against 


@) TEACHERS’ HANDBOOK ON ENVIRONMENTAL EDUCATION 


the possibility of substantial medical benefit to man 
before granting a patent. In Canada, “lower animals” 
are patentable while “higher animals” (including human 
beings) are not. However, no clear-cut line has been 
drawn between higher and lower animals. 

No patent has as yet been granted on a human being. 
A large number of human genes, however, have been 
patented. Human embryonic stem cells have also been 
granted patents abroad. 

The grant of patents on living organisms has been 
extremely controversial. Patents on seeds have been 
viewed as a threat to food security, since the supply of 
seeds is controlled by the patent-holder, who may refuse 
to supply seeds, or may only supply them at a very high 
price to those who need them. The patenting of plants 
and animals has been considered to be a privatisation of 
nature and biodiversity by the grant of exclusive rights 
to individuals and companies. The patenting of human 
cells and genes has raised questions of individual liberty 
and rights. It has been argued that the ownership of 
any part of the human body is akin to slavery. Another 
argument raised is that the grant of a patent on a human 
disease-related gene (such as a gene that causes cancer) 
to one person prevents all others from using that gene to 
develop a cure for the disease, thereby causing harm to 
humanity. Those who support such patents argue that 
modern biological research is very expensive, and that 
those who invest such large amounts need to be able to 
recover their investment through the grant of patents. 

Different countries have taken different views on the 
patenting of living organisms. India has permitted the 
patenting of micro-organisms, but does not permit the 
grant of patents on plants, animals or human beings. 


3.7 Traditional Indigenous Knowledge 
and its Implication for Environment 


Traditional knowledge is held by communities and 
cultures over generations, and has deep cultural, 
economic and environmental significance. It includes 
a diversity of knowledge such as literary and scientific 
works, medical practices and agricultural techniques. 
Traditional knowledge about biodiversity can include 
the healing, agricultural and sacred properties of plants 
and animals, as well as conditions of cultivation and 
processing methods. Traditional knowledge is found in 
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ancient texts, folklores and in the continuing practices 
and beliefs of communities. It is usually transmitted 
from generation to generation as oral knowledge. It is 
important to note that traditional knowledge is not static, 
but dynamic, constantly being shaped and changed by 
the innovations and practices of each generation. 

Traditional communities depend on a high diversity 
of biological resources for their food, cultural, medical 
and housing needs. Their traditional knowledge about 
the use and value of biodiversity is a vital element in 
fulfilling their needs. This use of biodiversity-related 
traditional knowledge thus encourages the conservation 
of the biodiversity in their environment. Traditional 
knowledge is used in a variety of areas such as: 

Healthcare: The Indian Systems of Medicine (Ayurveda, 
Siddha, Unani) encompass traditional knowledge and are 
part of the official healthcare system in India. In addition, 
traditional medical systems also include ‘non-classical’ 
traditional knowledge, such as tribal medicinal practices. 
Almost every tribe or forest community possesses 
knowledge about medicinal plants. For example, the 
Madav Koli tribals of the Western Ghats use 202 plant 
species for medical use and 109 plant species for 
veterinary use. All these systems of medicine depend on 
a wide diversity of biological resources. Thus, the needs 
of medical traditional knowledge have encouraged the 
conservation of the necessary species in the environment. 

Agriculture: Farmers and livestock keepers have 
used, and innovated on their traditional knowledge 
to improve and nurture diverse varieties of crops and 
domesticated animals over generations. This has been 
invaluable in providing food security, healthcare and 
shelter. Traditional knowledge has therefore moulded 
and conserved agricultural biodiversity over generations 
to provide for human needs. For example, the state of 
Jharkhand is a drought-prone state, so farmers have 
developed local crop 
varieties with drought- 
tolerant features. 

Till recently, at least 
50,000 rice varieties were 
grown in India, developed 
by generations of farmers. 
The Rebaris, traditional 
pastoralists in Rajasthan, 
have developed the 
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Nari cattle breed, which is highly disease and drought 
resistant, with good draught survival qualities and milk 
with high fat content. 

Biodiversity: All over India local communities have 
independently conserved wild ecosystems. They have 
done this for a variety of practical, social and religious 
reasons. Such conservation has to a large extent been 
based on traditional knowledge about the use, value, 
sustainability and carrying capacity of an ecosystem. For 
example, there may be community-imposed restrictions 
on the amount of a resource that can be harvested 
from a forest or marine fishing area, or prohibition of 
hunting methods that exhaust the number of a given 
species, or the creation of landscapes deemed as sacred 
and inviolate, such as sacred groves or sacred ponds. 
Some sacred areas are thousands of years old and 
dedicated to a local deity. For example, the sacred groves 
in Maharashtra are known as Deorais, which have 
conserved many of the best elements of forests in the 
region, and are also a valuable source of medicinal plants 
for local communities. In Uttara Kannada, a sacred grove 
dedicated to the goddess Karikannama contains the only 
remaining natural stands of Dipterocarpus and a large 
patch of Myristica indica. 

It is also important to keep in mind that firstly, all 
traditional knowledge-based practices do not have a 
positive effect on the environment. For example, there 
may be a tendency to overuse some resources, such as 
in North-East India where several hornbill species are 
excessively hunted by tribal communities who use the 
beaks for medicine or for traditional headgear. Practicing 
of animal sacrifices for general welfare or as a treatment 
for some diseases or ailments are other examples. There 
are also many unfounded beliefs, which encourage the 
use of certain exotic varieties of lizards, or plant products 
for aphrodisiac purposes. Secondly, traditional knowledge 
is not all-encompassing — there can be gaps in knowledge 
about biodiversity, especially about elements that do not 
directly impinge on a community’s life, such as micro- 
organisms, or insects that are neither directly useful (e.g., 
honey bees) nor agricultural pests. Owls and bats are 
considered inauspicious species in some communities. 

The erosion of useful traditional knowledge may 
often lead to negative effects on the diversity of the 
environment, as tried and tested system of use and 
conservation practices breakdown. 
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Chapter 4 


MAN-MADE ARTEFACTS 
AND ENVIRONMENT 


4.1 Technological Advances and Ever 
Accelerating Pace of Manufacture of 
Artefacts 


Beehives and bird nests are material artefacts fabricated 
by animals. But, use of artefacts really started two 
million years ago, when our hominid ancestors began to 
use specially fashioned pieces of stone, wood and bone to 
deal more effectively with their food. This allowed them 
to greatly expand their range of food items, for now they 
could dig for tubers as well as wild pigs or cut through 
the hide of rhinoceros with a facility greater than that of 
a lion. 

However, the number of artefacts employed by 
hominids remained limited until anatomically modern 
Homo sapiensbegan to bury their dead and use ornaments 
some 45 thousand years ago. Since ornaments have no 
function with respect to the non-human world in the 
way that a hand axe has, 
their form and numbers 
can vary tremendously. 
Use of ornaments must, 
from the beginning, have 
served to enhance social 
prestige. In that case, 


A 


A basket made : 
from bamboo prestige would depend on 


the quality, novelty and 


quantity of ornaments, not in any absolute, but only in 
a relative sense. That would create possibilities of open- 
ended competition, under which numbers and variety of 
artefacts could grow without any limit. 

Over the last 2 million years we have been living 
in a world of three kinds of replicating entities: genes, 
memes or culturally transmitted patterns of behaviour, 
and artefacts. Each of these varies in the course of 
replication. The variation in genes is largely random, 
the process of natural selection prunes out much of it, 
favouring the occasional variant that enhances the rate 
of survival and replication of its carrier. So, new genes 
spread very slowly. With hominids, variation in memes 
and artefacts is much more often deliberately directed 
towards forms, which in some way or other serve the 
interest of carriers better. The rate of increase as well as 
change of memes and artefacts can therefore be far more 
rapid. 

There are notable parallels in the evolution of life 
forms and artefacts. Consider, as an example, means of 
transport. Living organisms have colonised newer and 
newer environmental regimes over their evolutionary 
history. So have transport vehicles. Beginning with logs 
of wood carrying people across short stretches of water, 
they now cover all types of terrain on land, fly in the 
air, dive deep under water, and even move through 
outer space. In the process their populations have been 
growing rapidly. Ten thousand years ago there were no 
transport vehicles on land. Three thousand years ago 
domesticated oxen and horses and carts had become the 
most prevalent means of transport on land. At the time 
there may have been one vehicle for every ten persons 
in parts of the Old World, and none in the New World. 
Today motorbikes and automobiles dominate the scene. 
There is one for every five or so people in a population 
that has grown a hundredfold. So the population of 
transport vehicles has grown by a factor of more than 
200 in these last few thousand years. 

Just as the upper limit 
of size of living organisms po) 
has gone on increasing, fs 
the upper limit of size of | ` 
transport vehicles too has we 
been constantly going up. > 


From a log of less than a Sr. 


cubic meter in size 50,000 
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years ago, the biggest ships of today, the giant oil tankers 
are a million times larger in size. Just as the upper limit 
of the complexity of organisation of living creatures has 
gone on increasing with time, so has that of means of 
transport. A log floating over water is a simple, single 
object only marginally changed from its natural form. An 
ox-cart has several parts composing it, but one carpenter 
can fabricate it all by himself using relatively simple tools. 
A modern airplane has thousands of different parts and 
only a team of highly trained people can put it together 
working in a co-ordinated fashion for years. Finally, 
just as the diversity of life has gone on increasing over 
evolutionary time, so has that of transport vehicles. A 
few thousand years ago there were just a few types, dug 
out canoes, rafts of bamboo or reeds, kayaks of animal 
skin, simple two-wheeled carts. Today we have a mind- 
boggling variety not only of canoes, catamarans, kayaks, 
and animal carts but many designs of sail boats, power 
boats, submarines, bicycles, motorbikes, cars, trains, 
balloons, gliders, airplanes and spaceships. 


4.2 Impact of Agriculture, Animal 
Husbandry, Aquaculture 


Agriculture is the production of food, feed, fibre and 
other goods by the systematic growing/harvesting of 
plants, animals and other life forms. Agriculture plays a 
key role in human civilisation. Easy accessibility to water 
for irrigation is one of the major reasons of settlement of 
almost all the early civilisations on river basins. Until the 
industrial revolution, agriculture catered as the mode of 
income for a vast majority of human population. With the 
high rate of increase of global population, the techniques 
of agriculture have changed with time to meet the current 
demand of food. The Green revolution has allowed the 
world to produce a surplus of food contradicting the 
prediction of the great economist Thomas Malthus that 
the earth would not be able to support its increasing 
population. 

The development in agriculture technology has 
somehow introduced the excessive use of fertilizers and 
pesticides during cultivation of crops. The uses of these 
products cause environmental problems by changing 
the natural environment and producing harmful by- 
products. There is a long list of environmental impacts 
of agriculture which starts from encroachment of forest 
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land for agricultural purposes. The use of fertiliser and 
pesticides in agriculture pollute the air, water and land 
in different ways. Pesticides generally contain chlorine 
as one of the constituents. Chlorine, on reaction with 
hydrocarbons, form organochlorine, which as a group 
tends to be toxic, persistent and bioaccumulative. 

Crop spraying for dusting, pest and weed control 
cause air pollution by introducing organic phosphates, 
chlorinated hydrocarbon, arsenic, etc., field burning 
causes flyash, soot, smokes, etc. The water soluble 
pesticide and fertilizers are transported in water systems 
while the insoluble ones get bound to particulates and 
are carried to the water streams. These pesticides get 
bio-accumulated at various trophic levels and affect 
man, animal, soil as well as the aquatic biota. Pesticides 
being persistent in soil cause adverse damages to the 
grain quality, thus creating deleterious effects in the soil 
in long run. The introduction of NPK fertilisers in water 
systems due to runoff from agricultural fields cause an 
increase in the nitrate and phosphate levels, leading to 
eutrophication and death of the water body. Thus the 
use of these chemicals can be regarded as a necessary 
evil of the modern agro-technology. 

Agriculture has few more environmental impacts 
like loss of biodiversity due to consolidation of diverse 
biomass into a few species, depletion of mineral in 
soil, erosion of top soil etc. The solid waste generated 
in agriculture which includes waste from vegetable 
processing, bagasse and pressmud from sugar factories 
and seeds, rice husks, barn, tea waste, etc., also cause 
serious management problems. 

The rearing of livestock like cows, cattle, pigs and 
poultry farms etc., have increased manifold with the 
advent of increased human population pressures. The 
increasing population of livestock has also created 
a theft on grassland due to overgrazing. Animal 
husbandry causes severe water and soil pollution. 
The waste of animal husbandry is washed off and 
deposited on soil as wet slurry. This slurry may seep 

7 into drains and other water 
@ bodies thus deteriorating 
its quality. The faecal matter 
consists of phosphate, which 
in conjunction with nitrate 
causes serious water pollution 
Csi pphic lake leading to eutrophication 
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and sometimes massive fish kills. Waste generated by 
animal husbandry contains several pathogenic bacteria 
and viruses, which are transmitted to human beings. 
The feed lot runoff have 1000 ppm BOD, 8000 ppm 
COD and 700 ppm (approx.) while the values of these 
parameters for raw sewage is 200 ppm, 400 ppm and 40 
ppm respectively. Thus, these wastes cannot be treated 
with municipal sewage treatment methods. 

Aquaculture is a practice of cultivating aquatic 
animals and plants in managed aquatic environments. It 
is the farming and husbandry of aquatic organisms like 
fish, crustaceans, mollusks, seaweed and the production 
of freshwater and marine pearls. Aquaculture, like any 
farming activity produces impacts on the environment 
by use of energy and production of waste. Aquaculture 
replaces wild habitats and disturbs the ecological balance. 
Even where aquaculture operations are placed in non- 
pristine areas, potential exists for exotic (non-native and 
genetically altered) aquaculture species to escape and 
adversely affect native species, and spreading diseases. 
Rearing of wild larvae in aquaculture can decimate the 
native population of fish, affecting biodiversity. Excessive 
discharge of organic waste and the use of toxic and bio- 
accumulative compounds in aquaculture are harmful to 
people, the fish farmers themselves, and to plants and 
animals. 

Agriculture, aquaculture and animal husbandry 
collectively cause severe environmental damages, but 
these practices cannot be stopped due to increasing 
human population. However, with the use of proper 
management practices in these fields, the impacts 
can be surmounted to a great extent. Integrated pest 
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management, where chemical and biological pesticides 
are used together help check use of toxic chemicals, 
while ensuring food security through proper crop yield. 
Similarly, well managed animal husbandry and fish 
farms have very little environmental impact. 


4.3 Impact of Agrochemicals on Environment 


Increasing population demands a greater supply of 
agricultural produce, which in turn increases the use 
of agrochemicals. The cost paid is, contamination of the 
environment, which trickles down to affect all forms of life. 
Pesticides are the most cost-effective means of pest and 
weed control and so contribute to economic viability. In 
the last 50 years, the use of pesticides has led to manifold 
increase in the quantity of food. Today, more than 500 
different pesticide formulations are being used in our 
environment. At present, India is the largest producer 
of pesticides in Asia and ranks twelfth in the world for 
the use of pesticides. A vast majority of the population 
in India (56.7 per cent) is engaged in agriculture and 
is therefore, exposed to the pesticides. Concern about 
the environmental impact of repeated pesticide use has 
prompted research into the environmental fate of these 
agents, which can be transported from fields to air, land, 
water bodies and biological systems through food chains. 


Pesticides and Human Health 


Almost all the pesticides are classified under priority 
pollutants. In spite of this, there is an indiscriminate use 
throughout the globe. Acute exposure to high doses of 
these chemicals is often lethal as per the WHO report. 
However, at sub-lethal concentrations it is also known 
to induce carcinogenesis. In a study carried out in South 
India, farmers, especially those involved in the process 
of spraying pesticides, reported excessive sweating (36.5 
per cent), burning/stinging/itching of eyes (35.7 per 
cent), dry/sore throat (25.5 per cent), and excessive 
salivation (14.1 per cent). Non-target pesticide poisoning 
has been identified as the cause of disease and death in 
fish, birds, animals and toxicity in humans. 


Persistence in Soil 


Agrochemicals enter the soil in the process of spraying 
of crops, as wash-off from treated foliage, or release from 
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granulates applied directly to the soil. Persistence of 
these chemicals in the soil affect the next cycle of crops, 
increases the chances of polluting other non-target 
niches and changes the microbial community profile, 
thus disturbing the ecosystem. How long the pesticide 
remains in the soil depends on how strongly it is bound 
by soil components, the environmental conditions at the 
time of application, e.g., soil water content, pH etc., and 
how readily it gets degraded. It is important to analyse 
the fate of pesticides and their metabolites in the soil to 
ensure environmental protection. 


Contamination of Ground and Surface Water 


Surface water contamination by pesticides usually 
depends on the agricultural season, while ground 
water contamination has a stronger persistence, 
which may cause continuous toxicological effects for 
human health if used for public consumption. The U.S. 
Environmental Protection Agency (EPA) had reported 
that normal agricultural use led to the presence of at 
least 46 pesticides in ground water and 76 in surface 
water bodies. All pesticides in ground water, and most 
residues present in surface water enter via the soil. One 
measure to reduce pesticide inputs into surface waters 
via both runoff and erosion is the use of vegetated 
buffer strips along field edges and water bodies; reduce 
surface runoff and erosion from the field by zero-tillage, 
mulching, cover crops, contour ploughing/planting etc. 
To reduce pesticide leaching into ground water, a possible 
mitigation measure is by increasing the organic matter 
content of the soil by adopting agronomic practices 
like incorporation of crop residues, in order to increase 
sorption of non-ionic pesticides. 


Bioremediation Strategies 


A large number of bioremediation strategies have 
been evolved in recent times. Microbial degradation 
is one of the sustainable options. It primarily involves 
conversion of the harmful pollutants into harmless 
substances. However, the process is slow and depends on 
environmental factors, which may hamper the action of 
the degradative microbe. Research is on to find out ways 
to overcome these drawbacks and take the degradation 
process from the lab to the fields. Other remediation 
tools include phytoremediation, photodegradation, soil 
solarisation and use of membrane bioreactors. 
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An adequate understanding of the problem related 
to agrochemical pollution requires a multidisciplinary 
approach to environmental research. It will perhaps 
then be possible to plan, manage, pursue and integrate 
the results of the studies that will be necessary for the 
development of tools and techniques allowing effective 
environmental pollution control measures. 


4.4 Impact of Industry, Mining, Transport 


As India’s population grows, so does their demand, 
causing rapid industrialisation. Thousands of chemicals 
are used in industries each day, many of which cause 
health hazards when used inappropriately. Industries, 
apart from noise pollution, also discharge huge amount 
of pollutants in air, water and soil. Industries have high 
rates of energy consumption and also require huge 
amounts of water. Industrial processes produce huge 
amounts of solid, liquid and gaseous waste. Proper 
disposal of these wastes is a matter of concern. Industries 
are generally set up where raw material is easily 
available. In many cases, this means that the industries 
are set up away from urban settlements but close to 
forest agricultural areas. This leads to deforestation 
and overuse of local resources. Regulatory agencies 
such as pollution control boards have the mandate to 
monitor the pollutant emissions of individual industries. 
There are emission standards set by competent 
agencies, which give each of the industries appropriate 
emissions guidelines. 

Mining is the extraction of valuable minerals or other 
geological materials from the earth. Mining can have 
adverse effects on the surrounding surface and ground 
water if protection measures are not exercised. The 
result can be unnaturally high concentrations of some 
chemical elements, notably arsenic and sulfuric acid, 
over a significantly large area of surface or subsurface. 
Acid drainage is one of the most serious environmental 
impacts associated with mining. Acid is generated at mine 
sites when minerals are oxidised and sufficient water 
is present to dissolve the oxides. Mining processes can 
result in the contamination of streams when dissolved 
pollutants are discharged to surface waters. 

Mining operations also affect ground water quality. 
Most severe potential impacts of metal extraction perhaps 
is in quality of water of receiving water bodies thereby 
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affecting the aquatic 
ecosystem. The direct 
impact of mining on forest 
T ecosystems is the removal 
f of vegetation and canopy 
cover. Indirect impacts 
include road-building, 
aa A laying of pipelines and 
pene Taine other construction activities 
which may result in habitat 
fragmentation and increased access to remote areas. 
Disposal of large quantities of waste poses tremendous 
challenges for the mining industry. Modern mining practices 
aim to lessen environmental impacts from mining, and the 
ultimate aim is to return the local environment to as close 
to pristine as is possible. 

The transportation sector is becoming increasingly 
linked to environmental problems. Huge quantities of 
resources are required for manufacture of the vehicles 
which is causing depletion of natural resources. Fossil 
fuels are the primary energy source for transport. 
Transportation causes high levels of emissions of carbon 
monoxide, carbon dioxide, nitrogen oxides, unburnt 
hydrocarbons, particulate matter like lead, heavy metals 
and volatile organic compounds. These pollutants are 
released during the combustion of fossil fuels. The only 
way to lower CO, emissions is to use fuels with less carbon 
content or to reduce fuel consumption by improving 
engine efficiency. Nitric oxide is usually quickly oxidised 
in NO,. NO, together with SO,, play an essential role 
in acidification. NO, also reacts with hydrocarbons, 
producing photochemical smog. CO, which is emitted 
during the incomplete combustion of fossil fuels, is highly 
toxic as it binds with the blood haemoglobin, lowering its 
capacity to carry oxygen. It also has negative impacts on 
heart, circulation and the nervous system. Transportation 
can have an adverse impact on biodiversity. Loss of habitat 
is an inevitable consequence of land use change during the 
construction of the transport infrastructure. Roads cause 
fragmentation of habitats, preventing free movement of 
animals and exchange of genetic material. Noise also has 
negative effects on wildlife. 

Another impact of transportation is an increase in 
the level of noise. Continuous noise, even if its levels 
are not too high, increases stress levels by causing 
annoyance and disrupting communication among people. 
Continuous exposure to noise can lead to weakening of 
the auditory system and sleeping disorders. 
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Alternative fuels in the form of non-crude oil 
resources are drawing considerable attention as a result 
of shrinking oil reserves, increasing petroleum costs and 
the need to reduce emissions of harmful pollutants. The 
next phase would perhaps see changes in commuting 
patterns (e.g., car pooling), switch over to use of public 
transport, a rapid adoption of vehicles with high energy 
efficiency and a search for alternative fuels. 


4.5 Generation and Provision of 
Energy, Water and other Natural 
Resources 


Energy 


We know that almost all the energy that we use comes 
from the sun directly or indirectly, including the energy 
that is stored in the food that we consume. We also use 
solar energy for cooking, heating and generating electric 
power. The solar energy is the most readily available 
renewable source of energy. In fact wind and hydro 
energy are also due to the energy of the sun. Wood is also 
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Fig. 4.5a: Energy generation from different sources 


used as source of energy, although it is renewable but its 
replenishment is slow. Other renewable sources of energy 
are wind, hydro and geothermal. The percentage of total 
energy generated through renewable sources amounts 
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Awide disparity is observed in the commercial energy consumption 
pattern. Industrialised countries with only 25 per cent of 
global population account for 70 per cent of commercial energy 
consumption. The US having just 4.6 per cent of the world’s 


population is the largest energy consumer in the world consuming 
a staggering 24 per cent of the total commercial energy produced. 
While India, with 16 per cent of the world’s population, accounts 
for just 3 per cent of total energy consumed. 


to approximately 18 per cent (Fig. 4.5a). While most of 
the commercial energy comes from non-renewable fossil 
fuels like oil, coal, and natural gas, nuclear energy, 
etc., amounting to nearly 82 per cent of the total energy 
generated (Fig. 4.5a). 

Energy consumption pattern in different sectors is 
also discussed in 7.2 of Chapter 7. 

Inspite of the huge energy production both from 
renewable and non-renewable sources, about two billion 
people (i.e., one-third of the world’s population) lack 
access to adequate energy supply forcing them to rely on 
locally available sources of energy like fuelwood, dung, 
agricultural residue and charcoal for cooking and heating. 
The efficiency of these energy sources is much less 
compared to commercially produced energy. Besides, the 
users of these energy sources are more prone to pollution 
and other health hazards. In India, it is estimated that 
47 per cent of the total energy consumed by households 
is from firewood, 17 per cent from animal dung and 12 
per cent from crop residues. Thus commercial energy 
consumption is just 24 per cent. 

Whatever be the source of energy, its generation, 
transportation and ultimate consumption always affects 
the environment adversely. Combustion of fossil fuels 
like coal and petroleum to generate electricity release 
air pollutants like oxides of sulphur and nitrogen, 
particulates like ash and smoke. They also produce toxic 
and radioactive flyash as a by-product. Combustion of 
petrol, diesel and aviation fuelin automobiles, locomotives 
and aircrafts also produce many of these air pollutants. 
Mining and extraction of fossil fuels, their refinement 
and storage cause habitat loss and destruction of flora 
and fauna besides causing land and air pollution. 

There is always some loss in transportation of electricity 
to distant places from the power plants. Most of these 
losses are in the form of heat released to the atmosphere. 
Moreover, whatever is the source of energy and whatever 
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may be its mode of consumption, almost all, sooner or 
later gets converted into heat in unusable form. This heat 
in the environment has far-reaching consequences on 
climate, vegetation, rainfall and living organisms. 

The ever increasing global energy consumption is a 
serious matter of concern since more than 80 per cent 
of energy is produced from non-renewable fossil fuels. 
All non-renewable sources will last only for another 200 
to 300 years if consumption of energy continues in the 
same trend. These non-renewable fossil fuels also release 
huge volumes of emissions leading to pollution. It is high 
time we switch-over to safer renewable sources such as 
solar and wind power. With this in mind, huge amounts 
are being invested to improve R&D so as to overcome 
the shortcomings encountered with renewable sources 
of energy. 

There is urgent need to adopt energy efficient 
practices. For example, using fuel efficient chullah/ 
hearth in place of traditional ones, replacing incandescent 
bulb with compact fluorescent lamp, using fuel efficient 
automobile engines and proper maintenance of all 
gadgets, machines, etc. 


Water 


Water is a renewable resource without which life cannot 
exist. The availability of water decides many aspects of 
life such as economic growth, environmental stability, 
biodiversity conservation, food security and health care. 
It is estimated that the total water in the world is 1400 
million cu. km. Of this, approximately 97 per cent is found 
in oceans and seas as saline water, 2 per cent is locked up 
in icecaps and glaciers and less than 1 per cent available to 
us as fresh water in rivers and lakes and under the ground. 
The main source of freshwater is through precipitation. 
Annually, about 430, 000 cu. km. of water evaporates from 
ocean of which, 40, 000 cu. km. falls on the land as rain 
and snow which is potable. The rain water seeps through 
the soil and is stored in spaces between the soil particles, 
as ground water. Non-judicious use of ground water for 
domestic, industrial as well as agricultural practices has 
resulted in lowering of the water table drastically. 

Water requirement varies for different purpose. 
The amount of water required for domestic purposes 
(drinking, bathing and sanitation), agriculture, industrial 
processes and energy production varies (Fig. 4.5b). 
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Fig. 4.5b: Water consumption pattern by different sectors 


Further, climate, lifestyle, culture, tradition, diet, 
technology and wealth also decide the water requirement. 
It is calculated that the average amount of water required 
by an individual per day is about 100 litres. Adding the 
needs of agriculture, industry and the energy sector, the 
recommended minimum annual per capita requirement, 
according to the World Health Organisation (WHO), is 
about 1700 cu. m. With the annual supply of fresh water 
amounting to 40, 000 cu. km. for a world population of 6 
billion, about 6, 600 cu. m. of fresh water is theoretically 
available per person per year which is more than 3 times the 
recommended amount of WHO. But in reality the situation 
is different. Many countries in the world are facing water 
scarcity problem. In 1990, 28 countries, with populations 
totalling 335 million, experienced water scarcity. It is 
estimated that by 2025, about 50 countries (including 
India) with more than 3 billion people will be affected by 
water scarcity. In India, the per capita water availability 
figure dropped from 5177 cu. m. in 1951 to 2464 cu. m. 
in 1990 and further down to 1820 cu. m. in 2001. This 
per capita water availability figure indicates that people in 
India should be comfortable with water situation. Yet, we 
are experiencing water scarcity in many cities, towns and 
villages. This is also true with other countries whose per 
capita water availability is above 1700 cu. m. and are yet 
facing problem of water scarcity. 

With the supply of fresh water remaining constant, 
the problem of increasing scarcity faced by world over, 
cannot be attributed to decreasing availability. The 
reasons for scarcity are manifold, one of the reasons being 
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unequal distribution of water in different parts of the 
world. Concentration of human settlements in particular 
areas have led to over-extraction of ground water (for 
irrigation or domestic purpose) in those areas leading 
to scarcity. Another reason that attribute to scarcity of 
water is non-percolation of water into the ground. With 
development, more buildings, pavements, roads cover 
most of the land because of which the amount of water 
percolating into the ground has drastically reduced. In 
hilly regions, also, due to deforestation rain water is not 
seeped into the slopes and flows quickly down. Changes 
in rainfall pattern due to global warming are another 
major concern attributing to scarcity of water. 

Besides the above mentioned reasons, pollution of 
water bodies due to agricultural practices, industries, 
landfills, sewage disposal etc., has rendered available 
fresh water non-potable due to contamination. 


Other Natural Resources 


Forests: Forest is a natural resource that has been 
ruthlessly exploited for various purposes such as to 
obtain timber (wood for commercial use: furniture, 
paper, etc.) and fuelwood; to obtain non-timber products 
such as food, fibre, honey and medicinal plants, clearing 
and burning for agriculture, cattle rearing, etc. 

The world’s forest cover in 2000 was about 3.9 billion 
hectares, or approximately 0.6 hectare per capita. About 
95 per cent of the forest cover was in natural forest and 5 
per cent in forest plantations. Deforestation in the 1990s 
was estimated at 14.6 million hectares per year. Expressed 
in another way, during the 1990s, the world lost 4.2 per 
cent of its natural forests but gained 1.8 per cent through 
expansion of forests. The State of Forest Report, 2001, 
prepared by the Forest Survey of India (FSI), Dehradun, 
estimates the country’s forest cover at 676,000 sq. km, 
constituting 20.55 per cent of the geographic area of the 
country. Of this cover, 417,000 sq. km is dense forest, 
259,000 sq. km open forest, and 4490 sq. km mangroves. 
The report claims that, between 1999 and 2001, the total 
forest cover increased by 6 per cent. 

The effects of such exploitation ranges from 
landslides and floods affecting people in the forests 
and on the plains, increases the siltation of rivers, 
destruction of natural habitat of many flora and fauna, 
decline of species and biodiversity. Due to deforestation 
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carbon cycle is affected. The amount of carbon stored in 
terrestrial vegetation and soil organic matter in forests is 
also declining simultaneously. 

With the alarming decline in forest cover and its 
consequences on the environment, different initiatives 
have been taken up at the international and national 
levels towards conservation of forests. 

The International Tropical Timber Organisation (ITTO) 
was set up in 1983 under the United Nations Commission 
for Trade and Development (UNCTAD). ITTO brings 
together the producer and consumer countries and is a 
major platform for issues concerning sustainable forest 
management. In 1985, Food and Agriculture Organisation 
(FAO), United Nations Development Programme (UNDP), 
the World Bank and the World Resources Institute came 
up with the Tropical Forestry Action Plan, later revamped 
and renamed as the National Forest Action Programme. 

The Kyoto Protocol, Convention on Biological Diversity 
and the Convention to Combat Desertification are three 
of the international agreements that have a bearing on 
forests. The UN Forum on Forests, created in October 
2000, is a permanent high-level inter-governmental 
body with universal membership. The Kyoto Protocol 
on Climate Change is expected to have a great impact 
on forest management since it provides provision to a 
country with forests to earn carbon emission credits, 
which are tradeble. 

Sustainable Forest Management (SFM) is another 
initiative to fully involve local communities in forest 
management. By 2000, 149 countries were engaged in 
nine international initiatives to develop and implement 
criteria and identify indicators for SFM, covering 85 per 
cent of the world’s forests. 

Certification of timber is another approach to halt 
deforestation and save the remaining forests. 

In India, conservation of forests at the community 
level is done through joint forest management, social 
forestry and through sacred groves. 

Land: Land is yet another natural resource that has been 
used indiscriminately. The land area covering about 
140 million sq. km. occupies less than a third of the 
earth’s surface. Land harbours terrestrial biodiversity, 
forms the basis for human settlements and transport 
activities, and acts as the store of basic resources like 
ground water, minerals and fossil fuels. Studies indicate 
that one-fourth of all usable land (excluding mountains 
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and deserts) has been degraded to such an extent that 
its productivity is affected. The main causes of this 
degradation are attributed to deforestation, fuelwood 
consumption, overgrazing, agricultural mis-management 
(planting unsuitable crops, poor crop rotation, poor soil 
and water management, excessive use of chemicals, 
frequent use of heavy machinery like tractors, etc.), 
the establishment of industries and urbanisation. Soil 
erosion and degradation, which occur due to loss of 
green cover, strong winds, chemical pollution, etc., have 
severe effects on the environment, desertification being 
one resultant effect. 

Some of the initiatives undertaken to combat 

desertification include the support extended in the 
Earth Summit in 1992 which emphasise action to 
promote sustainable development at the community 
level. The UN Convention to Combat Desertification was 
adopted in 1994 and came into force in 1996. Over 180 
countries are now parties to the Convention. Some of the 
measures undertaken to prevent and restore degraded 
land include the prevention of soil erosion, sustainable 
pasture, forest and livestock management; afforestation 
and reforestation, etc. 
Minerals: Minerals are natural resource present in the 
earth’s crust and are not formed from animal or vegetable 
matter. These minerals have been formed over millions or 
billions of years and hence they are non-renewable. Minerals 
are extracted and processed by mining. Minerals that are 
mined include coal, metals like gold, iron, copper and 
aluminium and non-metals such as stone, sand and salt. 
Both underground and surface mining have effects on the 
environment and renders the workers at great risk physically. 
The environmental impacts on mining on environment 
include pollution of aquifers, floods, destruction of 
vegetation, pollution, lowering of water table, etc. 


4.6 Impact of Synthetic Chemicals 


Humans have been synthesising chemicals for several 
thousand years now, beginning with the Bronze Age 
when oxidised forms of metals were reduced to metallic 
substances. The whole range of mining and metallurgical 
activities over the last few millennia have had profound 
environmental impacts. 

A new era of synthetic chemicals started with the 
development of modern chemistry and synthesis of 
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a _ tremendous _ variety 
of chemicals, now 
running into hundreds of 
thousands. The problem 
that is currently the most 
important challenge in this 
context is that of Persistent 
Organic Pollutants (POPs). 
POPs are toxic chemicals 
that adversely affect human health and the environment 
around the world. Because they can be transported by 
wind and water, most POPs generated in one country can 
affect people and wildlife far from where they are used 
and released. They persist for long periods of time in the 
environment and can accumulate and pass from one 
species to the next through the food chain. To address 
this global concern, 90 countries and the European 
Community have come together to sign a global treaty 
in Stockholm, Sweden, in May 2001. Under the treaty, 
known as the Stockholm Convention, countries agreed to 
reduce or eliminate the production, use and/or release of 
12 key POPs. The Convention specifies a scientific review 
process that could lead to the addition of other POPs of 
global concern. 


What are POPs? 


Many POPs were widely used during the boom in 
industrial production after World War II, when thousands 
of synthetic chemicals were introduced into commercial 
use. Many of these chemicals proved beneficial in pest 
and disease control, crop production and industry. These 
same chemicals, however, have had unforeseen effects 
on human health and the environment. 

The best known POPs include PCBs, DDT, 
and dioxins. POPs include a range of substances 
that include: aldrin, chlordane, dichlorodiphenyl 
trichloroethane (DDT), dieldrin, endrin, heptachlor, 
hexachlorobenzene, mirex, toxaphene, polychlorinated 
biphenyls (PCBs), polychlorinated dibenzo-p-dioxins 
(dioxins), and polychlorinated dibenzofurans (furans). 

The above mentioned substances have been 
collectively named as the “Dirty Dozen”. Chemicals that 
include these substances may be: 

(1) Intentionally produced chemicals currently or 
once used in agriculture, disease control, manufacturing 
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or industrial processes. Examples include PCBs, which 
have been useful in a variety of industrial applications 
(e.g., in electrical transformers and large capacitors, as 
hydraulic and heat exchange fluids, and as additives 
to paints and lubricants) and DDT, which is still used 
in some parts of the world to control mosquitoes that 
cause malaria. 

(2) Unintentionally produced chemicals, such as 
dioxins, that result from some industrial processes and 
from combustion (for example, municipal and medical 
waste incineration and backyard burning of trash). 


The DDT Dilemma 


DDT is probably the most famous and controversial 
pesticide ever made. An estimated 4 billion pounds of this 
inexpensive and historically effective chemical have been 
produced and applied worldwide since 1940. DDT came 
into use to protect soldiers from insect-borne diseases 
such as malaria and typhus during World War II, and 
it remains a valuable public health tool in parts of the 
tropics. The heavy use of this highly persistent chemical, 
however, led to widespread environmental contamination 
and the accumulation of DDT in humans and 
wildlife — a phenomenon brought to public attention by 
Rachel Carson in her 1962 book, Silent Spring. A wealth 
of scientific laboratory and field data have now confirmed 
research from the 1960s that suggested, among other 
effects, that high levels of DDE (a metabolite of DDT) in 
certain birds of prey caused their eggshells to thin so 
dramatically they could not produce live offspring. 

One bird species especially sensitive to DDE was 
the North American bald eagle. Public concern about 
the eagles’ decline and the possibility of other long-term 
harmful effects of DDT exposure to both humans and 
wildlife prompted the U.S.A. to cancel the registration of 
DDT in 1972. The bald eagle has since experienced one of 
the most dramatic species recoveries in human history. 


Transboundary Travellers 


A major impetus for the Stockholm Convention was 
the finding of POPs contamination in relatively pristine 
Arctic regions — thousands of kilometers from any 
known source. Tracing the movement of most POPs in 
the environment is complex because these compounds 
can exist in different phases (e.g., as a gas or attached 
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to airborne particles) and can be exchanged among 
environmental media. For example, some POPs can be 
carried for many kilometers when they evaporate from 
water or land surfaces into the air, or when they adsorb 
to airborne particles. Then, they can return to earth 
on particles or in snow, rain, or mist. POPs also travel 
through oceans, rivers, lakes, and, to a lesser extent, with 
the help of animal carriers, such as migratory species. 


How do POPs Affect People and Wildlife? 


Studies have linked POPs exposures to declines, diseases 
or abnormalities in a number of wildlife species, including 
certain kinds of fish, birds and mammals. Wildlife can 
also act as sentinels for human health: abnormalities or 
declines detected in wildlife populations can sound an 
early warning bell for people. Behavioural abnormalities 
and birth defects in fish, birds and mammals in and 
around the Great Lakes region of U.S.A., for example, 
led scientists to investigate POPs exposures in human 
populations. 

In people, reproductive, developmental, behavioural, 
neurologic, endocrine and immunologic adverse health 
effects have been linked to POPs. People are mainly 
exposed to POPs through contaminated foods. Less 
common exposure routes include drinking contaminated 
water and direct contact with chemicals. In people and 
other mammals alike, POPs can be transferred through 
the placenta and breast milk to developing offspring. 
It should be noted, however, that despite this potential 
exposure, the known benefits of breast-feeding far 
outweigh the suspected risks. 

In addition, sensitive populations, such as children, 
the elderly, and those with suppressed immune 
systems, are typically more susceptible to many kinds 
of pollutants, including POPs. Because POPs have been 
linked to reproductive impairments, men and women of 
child-bearing age may also be at risk. 


POPs and the Food Chain 


POPs work their way through the food chain by 
accumulating in the body fat of living organisms 
and becoming more concentrated as they move from 
one creature to another. This process is known as 
“biomagnification”. When contaminants found in small 
amounts at the bottom of the food chain biomagnify, 
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they can pose a significant hazard to predators that feed 
at the top of the food chain. This means that even small 
releases of POPs can have significant impacts. 
Biomagnification in Action: A 1997 study by the Arctic 
Monitoring and Assessment Programme, called Arctic 
Pollution Issues: A State of the Arctic Environment 
Report, found that caribou in Canada’s Northwest 
Territories had as much as 10 times the levels of PCBs 
as the lichen on which they grazed; PCB levels in the 
wolves that fed on the caribou were magnified nearly 60 
times as much as the lichen. 


4.7 Life Cycle Analysis of Newspaper, 
Household Consumables, House 
Construction, Transport, Personal 
Computer, Cell Phones, etc. 


Life cycle analysis is the study of how some object that we 
(regularly) use makes demands on the environment, from 
the viewpoint of usage of materials and energy, starting 
from when it is manufactured, during its life-time of use 
and finally when it is discarded. Materials can be water, 
air, metals; energy can be produced from renewable or 
non-renewable (fossil) sources. Hence, it is important to 
consider such flows of material when shortages appear. 
This is a simple (and incomplete) case of water life cycle 
analysis. Similar life cycle analysis can be attempted with 
respect to energy and carbondioxide (CO,) emission, the 
latter in the present day, an issue of considerable concern 
due to its contribution to “global warming”. 
Semi-Conductors: Let us next consider modern materials 
like semi-conductors (computer chips). Big semi- 
conductor fabs (fabrication units) require about 40 million 
litres (ML) of water per day to clean the chip wafers; hence, 
over a year it requires about 14.6 gigalitre, per year. So 
the amount needed is about 1 per cent of the water that 
Hyderabad needs, not much but this can be tricky to 
handle if there is scarcity of water. We will not discuss 
other aspects (energy, etc.) here. 

Computer vs Papers: Next consider the use of internet. 
You may have heard that use of computers saves trees as 
we can create messages and send them without having 
to use paper (a notorious environmentally destructive 
material that, for example, has decimated many of 
the bamboo forests in India and caused considerable 
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pollution of rivers). While this is true to some extent, 
it hides many critical aspects (especially how it may 
be more environmentally destructive than paper!). For 
example, the current personal computers (PC) as the 
vehicle of Internet use needs to be re-evaluated, as it 
is not power efficient. It has to be redesigned to be an 
order of magnitude more efficient or replaced by the use 
of cellphones for Internet access. Most PCs consume 
power even when not in use. Energy is at a premium 
in developing countries. Energy saved reduces costs, 
allowing expenditures on other priorities. Furthermore, 
lower energy usage also results in less pollution and 
less import energy dependence. The cost of setting up 
additional electric power capacity in India is currently 
Rs 4 crores per megawatt (MW). For every 120W needed 
for a PC (a conservative number), an investment of 
Rs 4800 is required; essentially a tax of Rs 480-960 per 
annum (assuming interest and maintenance costs are 
between 10 per cent to 20 per cent) that has to be paid 
by society. 

Next, we need to understand societal cost of 
information dispersal through traditional paper based 
mechanisms and digital/computer mechanisms. For 
illustration, let us consider the use of PCs for reading 
online newspapers. While intuition suggests that web- 
browsed news is far superior to the costs of printing 
and distributing newspapers, some simple calculations 
reveal otherwise if a life cycle analysis is attempted. We 
estimate the energy costs of delivering news through the 
traditional print media as follows (many details such as 
assumptions for the calculations are omitted). 

Energy cost of paper: The energy cost of making 
newsprint paper is estimated to be 10 giga joule (GJ/ 
tonne); a single A 4 sheet, equivalent then requires 2.75 
Wh (Watt-hour, which is equivalent to 3600 joules) for 
the production of the paper itself (without printing). 
Printing: Printing requires about 1.1 Wh per A 4 sheet. 
Distribution: Assuming 2 mega joule MJ/tonne- 
km for road transportation and as much as 200 km 
travel (much higher than average distance) before the 
newspaper is delivered, results in 0.025 tonne-km per A 4 
sheet, hence the transportation energy spent per A 4 sheet is 
0.35 Wh. Adding the three energy costs of paper-production, 
printing and transportation gives us a total energy cost 
of approximately 4.2 Wh per A 4 size page. 
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Next, let us consider online browsing of the same 
newspaper. Using the 80W power consumption (a very 
conservative low estimate) for an online PC and an 
average of five minutes of reading per page results in 6.67 
Wh per page. This is more than the per-page energy cost 
of the print version. The PC browsing energy cost above is 
actually underestimated, as we have not done any life cycle 
analysis for the PC as we have done for the newspaper. 
Of course, the actual value to the user browsing the web 
may be higher with the additional information provided 
conveniently through links. Note also that newspapers 
are extensively recycled in India and also used to wrap 
goods; hence, its ecological impact could be considered 
milder when compared to the toxic waste produced in 
non-recyclable electronics. By way of contrast, consider 
the energy consumption of small devices such as 
cellphones that operate at 1 watt or below. Ignoring the 
inconvenience of reading on the current cellphones (this 
is being addressed in newer designs such as iPhone), and 
assuming twice the reading time per page, this results in 
0.16 Wh per page, a much lower figure than for PCs. Note 
that we have not done any life cycle analysis for both the 
PC as well as for the cellular phone, but the PC would 
have a much higher cost if life cycle analysis is attempted. 
A similar analysis comes up with a surprising result that 
laptops may be better than PCs for casual use with respect 
to energy consumption. 

Another issue is that of permanence of data. While 
paper has been preserved over multiple centuries in 
many parts of the world successfully (and without too 
much need of active energy for the preservation), digital 
information has yet to achieve anything close to what 
paper can do. First, PC software and hardware change. 
What was on an 8inches floppy of the 1980s can hardly 
be read by anybody with a new PC of 2007. Next, data 
preservation requires active energy to move it from 
one format to the next new generation format and this 
may need to be done every few years! This cost is so 
high that many movies shot digitally are being stored 
in the analog form as a fallback in case the migration 
does not successfully go through. The US Academy of 
Motion Picture Arts and Sciences released the results 
of a yearlong study of digital archiving in the movie 
business: to store a digital master record of a movie 
costs about $12,514 a year, versus the $1,059 it costs to 
keep a conventional film master stored in a saltmine or 
a limestone mine. 
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e-waste: We also need careful analysis of when machines 
need to be replaced to reduce the impact on the 
environment. We will not discuss this further here but 
it seems as though a 4-year cycle seems appropriate 
with respect to avoiding obsolescence of the PC. 
However, even at this rate, we can see some problems. 
When we attempt to do a life cycle analysis of a PC, one 
increasingly important issue is what is to be done with 
obsolete PCs. Greenpeace estimates that 5 per cent of all 
waste worldwide is now electrical equipment and this has 
serious environmental implications. Toxic metals such 
as lead, mercury, cadmium and other chemicals found 
in the average machine cause serious problems such as 
ground water pollution that are difficult to remedy and 
that, in turn, cause cancer and other diseases. Since 
India and other developing countries are being used to 
recycle old PCs from rest of the world (India is estimated 
to have handled about 0.5 M (million) tonnes of e-waste 
in 2006), it can devastate the ecology of the countryside 
unless some regulation is introduced. 

In India, we buy about 6M PCs every year. Forrester’s 
2007 worldwide PC adoption forecast shows that there 
will be more than a billion PCs in use by the end of 2008 
and more than 2 billion by 2015, a 12 per cent compound 
annual growth rate between 2003 and 2015. Since PCs 
have been becoming obsolete in about 4-5 years, about 
200 million PCs have to be recycled every year. This is a 
lot of computer chips and these have been manufactured 
using toxic chemicals. When we think about cellphones, 
we may have a still difficult problem, since about 500 
million cell phones may have to be recycled per year 
(there are about 2.5 billion cellphones worldwide). Since 
these come with batteries, disposing such a large number 
of batteries manufactured with toxic chemicals such as 
Li, Ni and Cd is also a critical issue. The energy cost of 
retiring PCs and cellphones is another aspect for study. 
Housing: An important aspect of current Indian economy 
is the construction of houses as this provides jobs for so 
many. However, this can be problematic too. In the past, 
“middle-class” families would stay in compact houses 
but the size of an average house or apartment has been 
generally increasing amongst the current “middle-class” 
(along with increased consumption of petrol and other 
products of a richer lifestyle). We have seen a similar 
situation with cars where the smaller Maruti car is no 
longer considered desirable for the current “middle- 
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class”. Generally, the aspirations of the “middle- 
class” have been increasing worldwide and India is no 
exception. Larger houses or apartments mean larger 
quantities of steel, cement, and other building materials, 
water, etc. Also, India is moving from a large proportion 
of low energy rural construction (which is close to “zero” 
energy base) to the high energy urban construction (high 
energy intensity based construction). 

We do not have sufficient data about how housing 
impacts India ecologically. But in the US, the Union 
of Concerned Scientists ranks housing third among 
destructive human enterprises, just after transportation 
and agriculture; forty per cent of all the raw materials that 
are used in construction and building an average house 
adds seven tons of waste to the landfill. Construction 
materials can be classified as having very high embedded 
energy: (> 100 GJ/tonne such as aluminium: 200-250; 
stainless steel: 50-100), high: (5-100 GJ/tonne such as 
steel: 30-60, glass: 12-25, cement: 5-8, plasterboard: 
8-10), medium: (0.5-5GJ/tonne such as lime: 3-5, clay 
bricks and tiles: 1-4; gypsum plaster: 1-4; concrete 
precast: 0.1-5, concrete in situ: 0.8-1.5; concrete block 
0.8-3.5); and low: (<0.5 GJ/tonne such as sand, flyash 
and blast furnace slag). (These data have been taken from 
a study by Mili Majumdar at The Energy and Resources 
Institute, TERI.) Depending on the house constructed, 
we can use these numbers to compute the energy 
intensity of a house. As mentioned earlier, “modern” 
construction in India is mostly turning towards use of 
materials with high embedded energy. If we consciously 
build a small number of very well designed square feet 
of housing, we can reduce the impact in the most direct 
way. However, commercial interests usually push in the 
opposite direction. 

In addition, we need to factor the cost of transportation 
of the materials. In India, road (truck) costs about 
2.85MJ/tonne/km whereas for railways it is 0.9MJ/ 
tonne/km. By waterways it is 0.09MJ/tonne/km (by 
sea) and 0.9MJ/tonne/km (inland). Again, rail transport 
is much cheaper ecologically than road or air but the 
latter two are becoming more common. 


Conclusion 


So it can be concluded that ecological design approach 
would take the most inherently simple solution, which 
can be implemented. This is almost always the cheapest. 
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But this, in general, goes against the “modern” tradition. 
There has been some speculation that post-industrial 
societies consume less but data from a study “Driving 
the Human Ecological Footprint,” by Dietz, Rosa and 
York (2007) published in “Frontiers in Ecology and the 
Environment” shows the opposite. The study concluded 
that increases in population and affluence (“lifestyle”) 
worldwide, is likely to expand human impact on the 
environment by over one-third; to counter these driving 
forces would require increase in the efficiency of resource 
use of about 2 per cent per year. India currently has an 
ecological footprint much less than the world average 
but future development has to be managed carefully to 
lessen the impact on the environment as India is already 
close to its carrying capacity. 
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Chapter 5 


(GEOSHPERE 


5.1 Sustainable and Non-sustainable 
use of Renewable and Non-renewable 
Natural Resources, such as Water 
and Minerals 


The concept of sustainable development became an 


issue in the late 1980s = 
when the leaders of world Source of water in many 
began thinking about their oly segious 


common future, guided 
by ecological wisdom. 
Scientists and social workers 
around the world are now 
rethinking upon some of the 
assumptions of the present 
day society. The most 
significant assumptions 
include abundance of 
resources, imperative 
economic growth, and 
human superiority. These 
assumptions however need 
modification. There is an 
alternative model of society, 


which emphasises enhancement of human potential and 
curtailment of desires. The two conflicting models need 
resolution by sustainable use of resources through 
recycling, reusing, conserving and lowering the rates of 
consumption. Natural resources are very important parts 
of the ecosystem. 


Renewable and Non-renewable Resources 


It is important to distinguish between the sustainable and 
non-sustainable use of natural resources. The general 
criterion of using resources in a sustainable manner 
is by meeting the needs of present generation without 
compromising the needs of future generations. Natural 
resources are broadly classified into renewable and non- 
renewable resources. The renewable resources are those, 
which are able to reproduce and replace themselves, for 
example water, air, soil, plants and animals. The highest 
rate at which a renewable resource can be used without 
decreasing its potential for renewal is called its sustained 
yield. If consumption of a renewable resource has 
exceeded beyond its yield and such an unsustainable use 
is continued, the resource can become non-renewable or 
sometimes non-existent. 

The non-renewable resources are those, which exist, 
in fixed amounts in various places of the earth’s crust. 
They can be exhausted either because they are not 
replaced by natural processes (e.g., minerals) or because 
they are replaced more slowly than they are used (e.g., 
fossil fuels). 

Any naturally occurring inorganic substance found 
in the earth’s crust as a crystalline solid is called a 
mineral. Salt, clay, silicates, sand, gravel, limestone 
and gypsum are some of the examples of non-metallic 
minerals. Whereas the form in which iron, aluminium, 
copper and gold are found in the earth’s crust are some 
of the examples of metallic minerals. Fossil fuels (oil, 
coal and natural gas) along with these minerals form the 
non-renewable resources. These resources are extremely 
limited. Sustainable use of non-renewable resources 
implies that we should impose voluntary limits on the use 
of such resources. The major thrust of sustainable use is 
on the conservation of material and energy resources. In 
addition a feedback in the form of recycling and reusing 
from the output side can help in sustainable use of non- 
renewable resources (Fig. 5.1a). 
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Fig. 5.la: A schematic diagram to comprehend 
sustainable use of non-renewable resources 


The future of these non-renewable resources is 
related to their actual or potential supply and the rate 
at which their supply gets depleted. The depletion of a 
resource is its physical exhaustion or its limited supply 
due to high costs of extraction. A mineral resource can 
be used in three ways: 

(a) rapid consumption, 

(b) consumption with improved mining technology 

and recycling, and 

(c) conservation with recycle and reuse (Fig. 5.1b). 


Consumption 


Fig. 5.1b: Three modes of depletion 
of non-renewable resources 


The depletion curves for these three hypothetical 
strategies for the use of non-renewable resources indicate 
an increasing trend in depletion time from curve A to C. 


Conservation of Renewable Resources 


Water is an essential renewable resource for life on earth. 
The usable freshwater is very limited and it is continually 
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collected, purified and 
distributed through the 
natural hydrological cycle. 
These natural recycling 
and purification processes 
can work as long as we do 
not disturb the components 
of earth’s ecosystem in an 
irreversible manner. Natural processes of recycling and 
purification of water may get affected due to overloading 
of surface water with non-degradable and toxic wastes 
by the indiscriminate use of chemical fertilizers and 
pesticides. Fresh water has become a scarce resource 
because of its ever increasing demand. The various ways 
of reducing shortage of water are: harvesting rain water, 
recycling of water and controlling pollution of water 
bodies. The traditional system of recharging ground 
water is the construction of water storage tanks along its 
catchment area. 

The other renewable resources such as air and soil 
also need similar strategies of conservation and use. Soil 
is a thin layer that covers the earth and sustains life 
on it. It takes thousands of years for building up few 
layers of soil. Soil has a natural tendency to get eroded 
due to gravitational forces, air currents, and water 
flow, particularly in the steep terrain and geologically 
fragile Himalayas. These natural processes are however 
aggravated by man-made interventions such as depletion 
of forest cover, large scale mining operations and intensive 
agriculture. It causes soil erosion and the precious land 
becomes uninhabitable for human populations. These 
perceptions led to the formulation of a sustainable 
strategy by some natives of the western Himalayas in 
the form of Chipko Movement. 


5.2 Changing Patterns of Land Use and 
Land Cover 


Over millennia, the earth’s land cover has been impacted 
by human beings attempting to derive resources from 
the environment through activities such as fire, grazing 
and agriculture. Following the Industrial Revolution, 
the magnitude of these activities has accelerated 
considerably over the past 300 years. Over the years, 
nearly one-third of the earth’s surface has been converted 
(largely from forests, wetlands and natural grasslands) 
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for agricultural and grazing activities. These changes are 
perhaps most visible in Asia, which harbours some of 
the highest population densities worldwide, and where 
a large majority of the population continues to depend 
on ecosystem services for their daily survival. In India, 
settled agricultural activities were noted in the fertile 
Gangetic plain as far as 7000 years ago. With the advent 
of the British colonial administration in the early 19th 
century, human impacts on land cover intensified. 
Between 1880 and 1980, human population densities 
are estimated to have tripled and livestock populations 
to have doubled. This came at the expense of a forest loss 
of 40 per cent during this time period, and an increase in 
cultivated area of over 42 million hectares. 

There have been two components to this change. 
First, the increased frequency of land cover change, 
wherein one kind of land cover (such as forest), is 
converted to another type of land cover (such as 
agriculture) subsequently a large portion of agricultural 
land has been converted into human settlements and 
industrial establishment. Second, an increase in land 
cover modification, whereby an existing land cover 
category such as agriculture is subjected to increasing 
intensities of human management through activities 
such as mechanisation, multiple crop and irrigation. A 
forest, subjected to increasing degradation through the 
extraction of fuelwood and timber is another example. 
Both activities have led to ecological degradation, bringing 
severe consequences in terms of global environmental 
change, impacts on climate, and the reduced availability 
of ecosystem goods and services. 

Despite significant research on land use/land cover 
change worldwide, the extent, precise location, and 
drivers of change remain insufficiently understood in 
large parts of the world. Deforestation is perhaps the 
most visible form of land cover change, with the greatest 
rates of forest clearing observed in moist tropical forests, 
especially in areas such as the Brazilian Amazon, and the 
forests of Indonesia. Yet, other types of land cover change 
also play a major role in impacting global environmental 
change. Changes in other types of land cover such as 
dry tropical forests, wetlands, natural grasslands and 
desert areas, as well as the growing impacts of 
urbanisation, are no less significant, but remain poorly 
documented globally. 
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Remote sensing techniques, especially those 
available through the use of repeated interval satellite 
image datasets, have enabled a great advance in our 
understanding of changes in land cover over the past 
thirty years. Our understanding of changes in times 
previous to this remains limited. Further, much of this 
research remains confined to the scientific and policy 
making communities. If local stakeholders including land 
managers, Non-Governmental Organisations (NGOs), 
local citizens, schools and colleges can be integrated into 
monitoring activities, this will result in the generation 
of locally specific information on land cover change that 
is of greater utility to land management at local scales. 
Fortunately, with the increasing accessibility of spatial 
information on land cover based on datasets available 
through many datasets provided on the internet such as 
Google Earth, this is becoming increasingly feasible. 


5.3 Management of Gaseous, Solid, 
Liquid and Hazardous Wastes 


Since the days of primitive society, man has relied 
on nature for the resources needed for growth 
and development and for disposal of the wastes 
generated. But now a stage is reached where 
the assimilative capacity of nature seems to 
be insufficient to take care of the wastes. The 
technological world generates various types of wastes 
ranging from toxic emissions, poisonous effluents, 
pathogenic sewage solids and other hazardous 
wastes. The thermal power plants, processing and 
manufacturing industries and automobiles are the 
major contributors to air pollution. It has become 
very clear that the emissions released at local point 
source can lead to a global phenomenon like global 
warming and the effects of temperature rise have to 
be borne by individuals. The effluents discharged 
without any treatment destroy the aquatic life and 
kill the water body eventually. The discarded solid 
waste affects, not only health but also disturbs 
social and aesthetic life of the people. Be it any 
type of waste, a common strategy can be applied for 
its management. Waste is generated in all stages of 
the lifecycle of each product right from extraction 
of resources, manufacturing, transportation and 
storage, distribution and sale, utilisation, repairs 
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and final disposal. The ever increasing consumerism 
is the root cause of generation of waste. Therefore, 
reduction of the needs and demands will reduce the 
quantity of wastes eventually. The waste reduction 
can also be achieved by change in raw material 
or modification in the process of production and 
use. Reuse and recycling of the so-called waste and 
material recovery from the waste stream reduces the 
cost of raw material and also the cost of disposal. 

After passing through all the five ‘Rs’ that is 
Refuse, Reduce, Reuse, Recycle, Research, finally 
the waste has to be treated and disposed using 
safe technology. Organic waste can be converted 
into manure, which can be beneficially used as 
supplementary fertilizer. Using kitchen waste we can 
flourish garden at homes. Biomedical and hazardous 
waste is generally incinerated but we have to look 
for a cleaner technology as burning of waste creates 
environment hazards. Energy recovery in the form 
of Refuse Derived Fuel is also an option to dispose 
hazardous and non-recyclable materials. Proper 
segregation of waste at source would help in reducing 
time, energy and money incurred in transporting 
the waste to the transfer station for segregation. 
After segregation the recyclable material should 
be sent to the respective recyclers and the garbage 
should be disposed off in engineered landfills. The 
methane generated from the landfill has higher 
potential for global warming than carbon dioxide. So 
the collection of methane and its constructive use 
is a challenge. The concept of carrying wastes up 
to the pipe need to be replaced with zero discharge 
concepts, which will help to manage industrial 
waste water and gaseous discharges. Recycling and 
reuse of water in houses will surely reduce the load 
on the waste water treatment plants. Particulate 
matters in gaseous emissions can be removed 
with the help of control systems like wet scrubber, 
cyclones or gravity settlers. Provision of high stacks 
can improve the dispersal of toxic gases. Vehicular 
pollution can be brought down if we shift from 
personal transport to public transport. Despite of 
all, the changes in lifestyle will be the best solution 
for waste management. Nothing is really a waste. It 
can be converted into wealth but we must develop 
that vision. 
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5.4 Air, Water (fresh and marine), 
Soil Pollution—Sources and 
Consequences 


Air Pollution 


The atmosphere is a complex, dynamic, natural gaseous 
system, which is essential to support life on planet 
Earth. Air pollution is the change in composition and as 
well as characteristics of the atmosphere by chemicals, 
particulate matter, or/and biological components. Air 
pollution is generally categorised based on locations 
(i.e., ambient and indoor) as well as based on the various 
atmospheric zones (i.e., tropospheric and stratospheric). 
The major air pollutants are further divided into gaseous 
and particulate (solid) matter. The major gaseous 
pollutants are oxides of sulphur (mainly SO,), oxides of 
nitrogen (mainly NO, NO, and N,O), oxides of carbon (CO 
and CO,), and many other gases. The solid pollutants ofair 
of various sizes, compositions and from different sources 
are collectively known as “Particulates” or “Particulate 
Matter” (PM). These are however, easily categorised 
based on their size, i.e., PM,, represents the particulates 
below 10 micron (0.01mm) and similarly PM, , represents 
particulates under 2.5 micron (0.0025mm) size. There are 
various standard methods to monitor these pollutants in 
the ambient air as well as at source. As the pollutant 
concentration and its exposure determines the overall 
health impact, different air pollution standards have 
been set for residential, industrial and sensitive areas in 
the Indian context. 


Sources of Air Pollution 


Sources of air pollution could be divided into three 
categories — industrial or point sources (e.g., power 

plant and other industries), 
automobiles/vehicles or 
line sources and other 
lower emitters, and third, 
the area sources (e.g., 
restaurants, household). 
Energy generation through 
combustion of fossil fuels is 
' one of the major sources of 
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air pollution. This is mainly responsible for emission of 
Green House Gases (GHG) emissions including carbon 
dioxide. Automobiles are one of the major contributors to 
CO, hydrocarbons, NO,, CO, and particulate emissions 
and their ever increasing growth is a matter of serious 
concern from the environmental point of view. Industrial 
activities also contribute considerably to the harmful 
emissions including SO,, NO_, CO, and other green house 
gases. The major sources of particulate emissions are 
power plants (flyash), road dust, kilns, diesel vehicles etc. 
The major sources of emissions influencing indoor air 
quality include new materials and products of building 
materials, insulation, bonding resins, fabrics, cleaning 
materials, personal care products, pesticides, and in 
addition, from the combustion process of cooking, fuel 
heating and tobacco smoking. 


Environmental and Health Impacts 


Pollutants when present at higher concentrations can 
cause various adverse impacts on environment and 
human health and, therefore, need to be controlled. 
The health impacts are more pronounced on infants, 
children and old people. Ambient air quality standards 
are, therefore, set by the national agencies as well as 
international organisations like WHO. 

The adverse environmental and health impacts 
depend on pollutant concentration, exposure duration, 
individual’s health condition and other factors. Sulphur 
dioxide (SO,), is known to cause respiratory disorders, 
including asthma, bronchitis, emphysema. Catalytic 
oxidation of SO, during lightning results in the formation 
of sulphur trioxide (SO,) which in the presence of water 
vapour can form sulphuric acid. It is one of the major 
causes of acid rain with serious environmental impacts. 
Oxides of nitrogen (NO) are responsible for the red 
haze observed on the roads with heavy traffic. Higher 
concentration of nitrogen dioxide (NO,) can cause lung 
irritation, which can lead to acute respiratory disorder in 
children. NO, is reported to be toxic to the tissues, while 
nitrous oxide (N,O) is a very potential green house gas 
(with GHG potential of 310 as against 1 for CO,) and its 
control is of immense environmental importance. Carbon 
monoxide (CO) and unburnt hydrocarbons emitted from 
automobiles and other combustion sources have well 
established health and environmental impacts. Some of 
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the hydrocarbons are carcinogenic in nature. CO is highly 
poisonous because ofits ability to block the oxygen supply 
to the tissues and organs. Particulates have adverse 
health impacts due to their small size as well as their 
chemical composition. Presence of particulate matter 
in air is one of the main causes of several respiratory 
diseases. CO, has now been recognised as the pollutant 
mainly responsible for the green house effect leading to 
global warming and climate change. Indoor air pollution 
due to combustion of solid fuels, especially, in rural 
areas, is responsible for acute respiratory problems and 
often correlated to increased mortality of children. 


Control of Air Pollution 


Intensive efforts are underway to mitigate air pollution. 
Efforts are being made to control CO, emissions, while 
it is also proposed to capture and sequester CO, in the 
near future. Renewable and alternate, relatively much 
cleaner energy sources are being explored to meet the 
future energy requirements. Vehicular pollution is being 
addressed by using comprehensive approach, which 
includes cleaner fuels and improved vehicle engines, 
better transport planning and management, inspection 
and maintenance of vehicles, use of emission control 
devices and implementation of stringent emission 
norms. The industrial processes are being made greener 
by exploiting the advancement in chemical synthesis 
processes and nano-science is also being frequently 
used to achieve cleaner production. Much also needs to 
be done to control the indoor air pollution due to solid 
fuel combustion in rural areas. 


Water Pollution 


Pollution of water originates from human activities. We 
usually take purity of water for granted. On the basis 
of their origin, the sources of water pollutants can be 
broadly categorised into: (i) point sources, where the 
effluent discharge occurs at a specific site; for example, 
sewage outlet of a municipal area or effluent outlet of 
a factory; and (ii) non-point sources, where inflow of 
pollutants occurs over a large area; for example, city 
storm water flow, agricultural runoff, etc. Point source 
pollution can be effectively checked with appropriate 
technology. Non-point source pollution is difficult to 
control and needs application of control measures on a 
large scale. 
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Water pollutants can be: (i) biological (pathogens, such 
as viruses, bacteria, protozoa, algae and helminths), (ii) 
organic chemicals, inorganic chemicals (like phosphates, 
nitrates, fluoride, etc.; also heavy metals like arsenic, 
lead, cadmium, mercury etc.), and (iii) physical (hot 
water from industries, oil spills from oil carriers, etc.). 
These pollutants are generated by different sources and 
activities, which are briefly described below. 


Municipal waste water: Liquid wastes from domestic 
activities such as kitchen, toilet and other household 
waste waters are, in most cases, discharged directly into 
a river or into a large water body nearby. Many rivers 
in India, including the river Yamuna, Ganga, Damodar 
and Cauvery are polluted by indiscriminate discharge of 
waste waters. The famous Dal Lake in Kashmir is also 
heavily polluted by domestic sewage. Domestic effluents 
mostly carry organic wastes, which are biodegradable. 
Excess input of nutrients occurs from detergent residues 
(e.g., phosphates) and organic remains (e.g., nitrates). 


Industrial waste water: Both small scale and large 
industrial activities produce waste waters contaminated 
by a variety of organic and inorganic pollutants. Almost 
all the rivers of India, at least in certain stretches, are 
heavily polluted by the discharge of industrial waste 
water e.g., river Ganga in Kanpur (U.P.) was severely 
polluted by the leather industries and therefore, the 
industries have been closed down by the government to 
safeguard the Ganges from water pollutions. Even the 
marine environmentis not spared, and most of the coastal 
waters are threatened by pollution from the effluents 
of coastal prawn-culture farms and fish processing 
industries. Most components of industrial effluents are 
toxic to ecological systems even at low concentrations, 
and many are non-biodegradable. 

Hot water is another notable pollutant from the 
industries. Many industries, including power plants and 
oil refineries, use water as coolant for the machinery. 
Release of hot waste water, having 8° to 10° C temperature 
higher than the intake water, causes thermal pollution 
in the water bodies, which causes loss of biodiversity. 


Surface runoff from land: Pollutants in surface runoff 
(and storm water) vary according to the nature of the 
land over which it flows. The runoff from agricultural 
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land is contaminated with pesticides and residues of 
inorganic fertilizers. The runoff from urban areas mainly 
contains biodegradable organic pollutants. Industrial 
sites may contribute to varied type of pollutants, like 
heavy metals, acids and various inorganic compounds. 
All these pollutants in the runoff heavily contaminate 
the surface water as well as ground water resources. 


Oil spills: An oil spill is the accidental discharge of 
petroleum in oceans or estuaries. Capsized oil tankers, 
offshore oil mining and oil exploration operations and 
oil refineries mainly contribute to oil pollution of marine 
ecosystem. In addition to unpleasant aesthetic impact of 
oil-covered coastal region, the death of planktons, fish and 
marine birds is a significant ecological effect of oil spills. 
Oil spills are also immensely harmful to coral reef and can 
drastically damage the marine and coastal biodiversity. 


Effects of Water Pollution 


Water pollutants adversely affect the physical, chemical 
and biological characteristics of the aquatic ecosystems 
and the quality of ground water. Organic and inorganic 
wastes decrease the Dissolved Oxygen (DO) content of 
water bodies. Water having DO content below 8.0 mg 
per L may be considered as contaminated. Heavily 
polluted waters have DO content below 4.0 mg/L. DO 
content of water is important for the survival of aquatic 
organisms. The surface turbulence, photosynthetic 
activity, oxygen consumption by organisms and 
decomposition of organic matter are the factors which 
determine the amount of DO. Contamination of water 
bodies by pollutants including hot water reduces DO 
content which kills planktons, molluscs and fish, etc. 


Eutrophication: The process of nutrient enrichment of 
water, and consequent loss of species diversity is referred 
to as eutrophication. Besides inorganic nutrient input 
with the inflow of waste water, decomposition of organic 
wastes too, increases the nutrient content of the water 
bodies. Availability of excess nutrients causes profuse 
growth of algae. Such algal blooms may totally cover 
the water surface, often release toxins in water, and 
sometimes cause deficiency of oxygen in the water. Thus, 
in bloom-infested water body the growth of other algae 
may be inhibited due to toxins, and aquatic animals 
(e.g., fish) may die due to toxicity or lack of oxygen. 
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Effects on human health: Domestic sewage contains 
pathogens like virus, bacteria, parasitic protozoa and 
worms. Contaminated water, therefore, can carry the 
germs of water-borne diseases like jaundice, cholera, 
typhoid, amoebiasis, etc. Such contamination can make 
the water unfit for drinking, bathing and swimming, and 
even for irrigation. Heavy metal contamination of water 
can cause serious health problems. 


Ground water pollution: In India, at many places the 
ground water is facing contamination due to seepage 
from industrial and municipal wastes and effluents, 
sewerage channels and agricultural runoff. For example, 
excess nitrate in drinking water is dangerous for 
human health and may be fatal for infants (blue-baby 
syndrome). Excess fluoride in drinking water causes 
teeth deformity, hardened bones and stiff and painful 
joints (skeletal fluorosis). At many places in India, 
ground water is contaminated with arsenic, mainly 
from naturally occurring arsenic in bedrocks. Chronic 
exposure to arsenic causes black-foot and skin disease. 


Improving Water Quality 


For quality improvement of water, the industrial and 
municipal waste waters needs to be treated in Effluent 
Treatment Plant (ETP) prior to disposal in water bodies. 
Landfills also should be developed far away from 
habitation on wastelands. 


Soil Pollution 


Avery important property of the soil is its fertility. Another 
important property is its absorbing capacity. Soil absorbs 
waste products of plants and animals, industrial and 
municipal wastes, and toxic gases; but when the amount 
of these wastes is too large, the soil gets polluted and 
loses its fertility and other important qualities. 

Land gets polluted by dumping of agricultural, 
industrial, municipal and medical or hospital wastes. 
Industrial solid wastes and sludge are the major sources 
of soil pollution. Toxic organic and inorganic chemical 
compounds and heavy metals are the major pollutants. The 
fallout from industrial emissions, for example, the flyash 
emitted by thermal power plants, can pollute surrounding 
land. We must keep in mind that the particulates of the 
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industrial emissions from tall chimneys always come back 
to the earth’s surface sooner or later. Radioactive wastes 
from nuclear testing laboratories and nuclear power plants 
and the radioactive fall out from nuclear explosions also 
contaminate the soil. Radioactive materials thrive in the 
soil for long periods because they usually have a long half- 
life. Strontium-90, for example, has a half-life of 28 years, 
and half-life of caesium-137 is 30 years. All these alter 
the soil constituents in such a way that the plant growth 
is inhibited, ground/surfaces water quality deteriorates, 
salinity of the soil increases; many healthy micro-organism 
essential for quality of soil perish etc. 

Municipal wastes mainly include domestic and 
kitchen wastes, market wastes, hospital wastes, 
livestock and poultry wastes, slaughterhouse wastes, 
waste metals, and glass and ceramic wastes, etc. Non- 
biodegradable materials like polyethylene carry-bags, 
waste plastic sheets, pet-bottles, etc., persist in the soil for 
long periods. Hospital wastes contain organic materials, 
chemicals, metal needles, plastic and glass bottles, vials, 
etc. Dumping of domestic sewage and hospital organic 
wastes contaminate the environment with a variety of 
pathogens that can seriously affect human health. 

Pesticides and weedicides are being increasingly 
applied to control pests and weeds in agricultural systems. 
Excess inorganic fertilisers and biocide (pesticides and 
weedicides) residues are contaminating the soil as well as 
surface and ground water resources. Inorganic nutrients, 
like phosphate and nitrate are washed out to aquatic 
ecosystems and accelerate eutrophication. Nitrate can 
also pollute drinking water. Inorganic fertilisers and 
pesticide residues change the chemical properties of soil 
that adversely affect soil organisms. 

Opencast mining (a process where the surface of 
the earth is dug open to bring out the underground 
mineral deposits) completely devastates the topsoil and 
contaminates the area with toxic metals and chemicals. 
Impact of Damodar Valley Corporation on the adjacent 
area in Jharkhand illustrates the adverse impact of 
mining activities. 

Control measures for soil pollution and land 
degradation involve safer land use, planned 
urbanisation, controlled developmental activities, 
safe disposal and management of solid wastes from 
industries and human habitations. Management of 
solid wastes involves: (i) collection and categorisation 
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of wastes, (ii) recovery of resources like scrap, plastics, 
etc., for recycling and reuse, and (iii) safe disposal with 
minimum environmental hazards. 

Sewage sludge and industrial solid wastes are used as 
landfills. But the surrounding surface as well as ground 
water gets contaminated because of development of landfills. 
Therefore, there are restrictions imposed upon utilisation 
of the landfill areas. Depending upon the carrying capacity 
of the landfill site, the planners choose the sites. The 
constituents of saturated landfill are put in different land 
use categories like parking space for vehicles, garden and 
parks etc. Toxic chemicals and hazardous metal-containing 
wastes are used as bedding material for road construction. 
Fly ash is also used for similar purpose. Flyash bricks are 
also being used for building constructions. Other notable 
methods to get rid of solid wastes are incineration (burning 
in presence of oxygen) and pyrolysis (combustion in the 
absence of oxygen). Municipal solid wastes containing 
biodegradable organic wastes, can be transformed into 
organic manure for agriculture. 


5.5 Noise and Radiation Pollution 
Sources and Consequences 


Noise Pollution 


Noise is derived from the Latin word “nau-sea” implying 
‘unwanted sound’ or ‘sound that is loud, unpleasant or 
unexpected’. Noise is becoming an increasingly omnipresent, 
yet unnoticed form of pollution. Continuous exposure to 
noise beyond certain levels is termed noise pollution. 

Noise pollution can be defined as unwanted or 
offensive sounds that unreasonably intrude into our 
daily activities. The WHO suggests that noise can affect 
human health and well-being in a number of ways, 
including annoyance, sleep disturbance, interference 
with communication, performance effects, effects on 
social behaviour and hearing loss. 


Sources of Noise 


Some of the sources of noise include inter alia, vehicular 
traffic, electrical appliances, TV and music system, public 
address systems, railway and air traffic, and generator 
sets. Most of the people living in cities or big towns and 
those working in factories are susceptible to the adverse 
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effects of noise. Characteristically, it affects the rich and 
the poor alike. Small towns and villages usually do not 
pose the problem of noise pollution. But, those residing in 
villages/towns along the national/state highways or close 
to railway tracks do bear the brunt of excessive noise. 


Negative Effects of Noise Pollution 


Many studies conducted on the effects of noise pollution 
on health and wellness, have shown that it can affect us 
in the following ways: 
Productivity: We all know that noise can be distracting, 
and research proves this. One study examined children 
exposed to airport noise and found that their reading 
ability and long-term memory were impaired. Those 
working in noisy office environments have also been 
found to be less cognitively motivated, and to have higher 
stress levels, according to a study. 
Health: One of the major health effects of noise pollution 
is in the form of chronic stress. As a result, noise 
pollution has also been linked with health problems 
such as heart disease, high blood pressure, and stroke. 
Noise pollution also cause insomnia (lack of sleep) or 
disrupt sleep cycles. And, perhaps most significantly, 
noise pollution is a general threat to health and wellness 
as chronic stress lowers body immunity. 

Permissible limits of noise in different areas are 
discussed in 5.9 of Chapter 5. 


Radiation Pollution 


Radiation pollution is caused by particles and 
electromagnetic radiation emitted from natural and 
man-made sources. These may include neutrons, x-rays, 
ultraviolet radiation, microwaves and alpha particles. 
Radiation pollution also includes controlled disposal 
of radioactive wastes from nuclear reactors. Radiation 
pollution may have 
biological, ecological and 
socio-economic effects. 
The amount of injury 
caused by radiation from 
a radioactive isotope 
depends on its half-life, 
and on how quickly it is 
absorbed and how fast the 
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body of the organism repairs the damage. Most studies 
of the harmful effects of radiation have been performed 
on single-celled organisms. Obviously, the situation 
is more complex in humans and other multicellular 
organisms, because a single cell damaged by radiation 
may indirectly affect other cells in the individual. The 
most sensitive regions of the human body appear to be 
those which have many actively dividing cells, such as 
the skin, gonads, intestine and tissues that grow blood 
cells (spleen, bone marrow, lymph organs). 

Radiation is toxic because the emitted radiations 
form ions when they interact with biological molecules in 
cells and tissues. These ions can then form free radicals, 
which damage proteins, membranes and nucleic acids. 
Radioactive radiation can damage DNA (deoxyribonucleic 
acid) by destroying individual bases (particularly 
thymine), breaking single strands and double strands, 
cross-linking different DNA strands and cross-linking 
DNA and proteins. Damage to DNA can lead to cancers, 
birth defects, and even death. 

However, cells have biochemical repair systems which 
can reverse some of the damaging biological effects of 
low-level exposures to radioactivity. This allows the body 
to better tolerate radiation that is delivered at a low dose 
rate, such as over a longer period of time. In fact, all 
humans are exposed to radiation in extremely small 
doses throughout their life. 


5.6 Ozone Layer Depletion and its effect 


Ozone layer depletion is a major global environmental 
problem. Planet earth is surrounded by a layer of ozone 
from 19 to 30 km above the earth’s surface (stratosphere). 
This layer protects us against harmful ultraviolet UV 
radiations present in sunlight. In the absence of this 
layer, UV radiations would reach the surface of the 
earth and can cause severe impact on human health, 
biodiversity and certain materials. 

Ozone is being constantly formed, dissociated and 
is formed again in the above mentioned ‘ozone layer’ to 
maintain a sufficiently thick layer to protect life on earth. 
These reactions balance each other and ultimately result 
in effective absorption of short wave length UV radiation. 
However, in last few decades it has been noticed that this 
layer of ozone is thinning. US chemist Johnson pointed 
out in 1971 that the supersonic aircrafts would introduce 
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large quantities of nitric oxide to break the ozone in the 
stratosphere. Nitric oxide can catalytically attack ozone 
molecules and convert them to oxygen. A reduction of 
about 40 per cent has been recorded in ozone content 
over Antarctica. 

It was later realised that the main culprit for ozone 
layer depletion are chlorofluorocarbons (CFC). The 
most widely used group of organic compounds called 
chlorofluorocarbons are CFC-11 and CFC-12 (Freon). 
CFCs are chemically non-reactive, odourless, non- 
flammable, non-toxic and non-corrosive compounds. 
They are extensively used as coolants in air conditioners 
and refrigeration, in aerosol spray cans, as cleaners for 
various equipment, in insulation, packaging etc. These 
substances as a group are called as Ozone Depleting 
Substances (ODS). 

Figure 5.6a shows the mechanism of ozone layer 
depletion by CFCs. CFCs stay for several decades in the 
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Fig. 5.6a: Mechanism of ozone depletion 
by chlorofluorocarbons 


stratosphere depending on its type. During this period 
each chlorine atom in CFCs can convert 104 molecules 
of ozone to oxygen. 

Major causative factors of ozone depletion are use of 
chlorofluorocarbons; nitrogenous fertilizers (Microbial 
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action on nitrogenous fertilizers produces nitrous 
oxide, which escapes into atmosphere. As this gas is 
decomposed with difficulty it tends to accumulate in the 
atmosphere. The estimated tropospheric load of nitrous 
oxide is 1.7x1018g); supersonic transport rockets and 
space shuttles (supersonic jetliners discharge various 
oxides of nitrogen, carbon, sulphur, hydrocarbons and 
particulate material. Ammonium per chlorate used 
in many of the rockets as oxidants releases plenty of 
chlorides); and nuclear tests. 


Consequences of Ozone Layer Depletion 


The consequences of the depletion of the ozone layer in 
the stratosphere will be drastic. It would allow biologically 
damaging UV radiation to reach the earth’s surface. 
Instances of cancers of various types including the 
dangerous malignant melanoma are likely to increase. 
Every year about one lakh people die of this cancer. Some 
estimates suggest that there would be a 100 per cent rise 
in incidence of skin cancers even bya 25 per cent reduction 
in stratospheric ozone content. A direct correlation has 
been observed between cataract formation in the eyes 
and exposure to ultraviolet radiations. Immune system 
suppression can also occur. Ecosystems may collapse 
due to effects of increased exposure to UV radiation on 
lower forms of life. Other predicted effects are increased 
acid rain, increased photochemical smog and degradation 
of outdoor paints and plastic. Ozone layer depletion also 
contributes to global warming because of decreased 
ocean uptake of CO, from atmosphere by phytoplankton 
and CFCs acting as greenhouse gases. 


International Action to Protect Ozone Layer 


Considerable activity is going on in the world for the 
past few decades for protecting the ozone layer. However, 
the recent models suggest that it will take about 50 
years for the ozone layer to return to 1980 levels and 
about 100 years for its recovery to pre-1950 levels. An 
international convention was organised in Montreal city 
of Canada in 1987 where an international agreement 
was signed known as “Montreal Protocol”. The Montreal 
Protocol was made effective from 1 January 1989. Only 
48 countries signed this protocol. Developing countries 
mostly stayed away from this protocol. Its goal was to 
cut emissions of CFCs (but not other ozone depleters) 
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into the atmosphere by about 35 per cent between 1989 
and 2000. Representative of 93 countries met in London 
in 1990 and in Copenhagen, Denmark in 1992 and 
adopted the Copenhagen protocol, which accelerated the 
phasing out of key ozone depleting chemicals. In 1994, 
the United Nations General Assembly voted to designate 
September 16 as ‘World Ozone Day’ to commemorate the 
signing of the Montreal Protocol on that date in 1987. 
These landmark international agreements are now 
signed by 177 countries, including India. 


5.7 Greenhouse Effect; Global Warming 
and Climatic Change and its Effects 


The average surface temperature of the globe has gone 
up by about 0.6° C since the late 1800s. This warming 
cannot be adequately explained by natural phenomena 
such asincreased solar activity. Human-induced increase 
in greenhouse gas (GHG) concentrations appear to be at 
least partly responsible making this climate change and 
have emerged as one of the most serious threats to the 
world’s environment. 

The natural greenhouse effect is the warming of 
the earth’s surface and lower atmosphere due to the 
presence of certain gases such as carbon dioxide (CO,), 
methane (CH,), nitrous oxide (N,O), ozone (O,), and 
water vapour in the atmosphere. These ‘greenhouse 
gases’ lead to warming, making the earth habitable. An 
increase in the concentration of these greenhouse gases 
beyond the level that occurs naturally, though human 
activities have enhanced the impact of GHG. Some of the 
human activities responsible for this increase in GHGs 
are deforestation, exhaust from automobiles, emissions 
from industries, combustion of wood, fossil fuels and 
fuel wood. ‘Global warming’ refers to the increase of the 
earth’s average surface temperature, due to a build-up 
of greenhouse gases in the atmosphere. ‘Climate change’ 
is a broader term that refers to long-term changes in the 
climate, including average temperature and precipitation. 

Realising the importance of climate change and 
its serious consequences to the society, the World 
Meteorological Organisation (WMO) and the United 
Nations Environment Programme (UNEP) have jointly 
established the Intergovernmental Panel on Climate 
Change (IPCC) with the objective of assessing the 
available information concerning climate change and 
advising mitigation strategies. 
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The Third Assessment Report of the IPCC (2001) 
provides several evidences of Global Climate Change 
(GCC) state that the temperatures at the earth’s 
surface have increased by an estimated 1.4° F (0.8° C) 
between 1900 and 2005; the average temperature in the 
Himalayan region has risen by about 10°C since the 
mid 1970s causing glacial lakes in Nepal and Bhutan 
to fill up rapidly with water; area covered by the North 
Pole ice has shrunk by 20 per cent since the 1950s and 
its average winter thickness has reduced by 40 per cent 
since 1970; the break-up of the Antarctic ice shelves 
have also been noticed. 

GCC will lead to ecosystem disruption due to increase 
in temperature, changes in rainfall pattern, flooding due 
to torrential rains and storms, repeated and prolonged 
draughts, forest fires and increased abundance of insect 
pests. Melting of polar ice caps will raise sea levels which 
will damage low-lying islands and coastal ecosystems 
and may affect the river systems as well. 

Climate change will be as disastrous to 
biodiversity as extinction induced by altered land- 
use and other development driven causes suchas loss 
of tropical forests, pollution of aquatic ecosystems 
and excessive hunting of animals and overgrowth 
of some wild plants will escalate. It will seriously 
affect tropical species of South America, India and 
Indonesia (the globally recognised megadiversity hot 
spots) more severely than species of the temperate 
zone. Tropical species have evolved to live in a more 
equitable climate with a smaller range of temperature 
variations than those in higher altitudes away from 
the equator. Thus any change in climate will make 
the habitat unsuitable for plants and animals. Of 
the regions, altered disease patterns and species 
extinction will, in turn, affect the natural habitats 
and thus also the adjacent human habitat. Loss of 
pollinators of plants such as butterflies and moths 
that are linked to specific plant species may lead 
to poor regeneration of these important plants that 
form the base of food pyramids. 

The increase in emission of CO, and the associated 
anticipated rise in temperature and rainfall will directly 
affect the plant growth and yield. Precipitation patterns, 
precipitation amount and temperature can influence 
soil water content, runoff, erosion, salinisation, 
biodiversity and organic carbon and nitrogen content. 
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Changes in soil water may affect crop growth. Increase 
in temperature will lead to increase in transpiration, 
which may result in lowering of ground water table at 
some places. Accumulation of salts in the upper soil 
layers may occur due to the upward movement of 
water arising from enhanced temperature and reduced 
rainfall. Similarly, rise in sea level associated with 
increase in the rate of evaporation from soil may lead 
to salt water ingression in the coastal lands turning 
them unsuitable for conventional agriculture. 

There are two dimensions in response to global 
warming — mitigation and adaptation. 

Cutting down emissions of global greenhouse gases 
can reduce the extent of climate change. Towards this 
end, the growing concern about climate change led 
governments around the world to agree on forming 
the United Nations Framework Convention on Climate 
Change (UNFCCC) during the 1992 Rio Summit. 
One hundred thirty countries are signatory to this 
Convention. The UNFCCC works for the stabilisation 
of carbon dioxide concentrations at a level that would 
prevent dangerous anthropogenic interference with the 
climatic system. The Kyoto Protocol to the UNFCCC 
was adopted in December 1997 according to which the 
developed country partners agree to reduce their GHG 
emissions by a global average of 5.2 per cent below 
the 1990 levels by the period 2008-2012. The Kyoto 
Protocol created flexible co-operative mechanisms such 
as the GHG emission trading and Clean Development 
Mechanisms (CDM) to allow member countries to 
meet their commitments with respect to reduction in 
emissions. Some examples of clean technology include 
the methane digester, biodiesel, natural compost, eco- 
friendly plastics, eco-friendly paper making and use 
of alternate energy sources. 

Adaptation is another important step to minimise 
the harmful consequences of global climate change. 
Apart from these, educating and making people aware 
is also an important measure. Adopting life-styles 
that individually have a smaller ecological footprint 
on earth is a very important contribution to mitigate 
global climate change. 
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5.8 Impact of Natural and Man-made 
Disasters — Prevention, Control and 
Mitigation 


A natural disaster is the consequence of a potential 
natural hazard (e.g., volcanic eruption, earthquake, 
landslide, tsunami) becoming a physical event. Human 
vulnerability, caused by lack of planning, lack of 
appropriate emergency management, leads to financial, 
structural and human impact. The resulting loss depends 
on the capacity of the population to support or resist the 
disaster: their resilience. 

Disasters having an element of human intent, 
negligence, error or the ones involving the failure of 
a system are called man-made disasters. Man-made 
hazards are, in turn, also categorised as technological 
or sociological hazards. Technological hazards are 
results of failure of technology, such as engineering 
failures, transport accidents or environmental disasters. 
Sociological hazards have a strong human motive, such 
as crime, stampedes, terrorist-strike, riots and war. 

The impacts of floods, landslides, droughts, crop 
failures and diseases, for example, are each intensified 
whenever ecosystems are already degraded. According to 
a World Bank study in the year 2000, during the preceding 
4 decades, natural hazards have caused major loss of 
human lives and livelihoods, the destruction of economic 
and social infrastructure, as well as environmental 
damage. 

Insome cases, natural disasters can amplify manmade 
emergencies or vice versa, as epitomised by the drought, 
earthquakes and unfolding events in Afghanistan. This 
trend led to the adoption of the International Strategy for 
Disaster Reduction (ISDR) by governments to succeed 
and promote implementation of the recommendations 
emanating from the International Decade for Natural 
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Disaster Reduction (IDNDR, 1990-1999). The aim of the 
ISDR is to mobilise governments, UN agencies, regional 
bodies, the private sector and civil society to unite efforts 
in building resilient societies by developing a culture of 
prevention and preparedness. 

South-west Asian monsoons have become stronger 
in the past few decades, causing hurricanes, floods and 
affecting millions of poor people. Major flooding could 
occur in Himalayas where 50 glacial lakes could burst, 
destroying life in valleys below. 

Global temperatures rose by less than 1°C over the last 
century causing melting of ice sheets in arctic and high 
mountains. According to the Intergovernmental Panel on 
Climate Change (IPCC) the sea level rise happening at 
6 mm/ year, implies about 10-25 cm rise has occurred 
in the last century and is expected to rise a total 50 cm 
(range 20-90 cm), by the end of 21st century. This will 
spell a series of disasters for the coastal and floodplain 
populations. 


5.9 Strategies for Reducing Pollution and 
Improving the Environment 


Much has been discussed about the various types of 
pollutions in the preceding chapters. Here, focus will be on 
the strategies that have been taken up towards improving 
environment by reducing pollution at different levels. 
The Government of India, under the Ministry of 
Environment and Forests (MoEF) set up the Central and 
State Pollution Control Boards towards enforcement 
of the water (Prevention and Control of Pollution) Act, 
1974. But over the years, the Boards have been assigned 
additional responsibilities relating to all other laws of the 
Indian Union on pollution. 
The functions of the Central Pollution Control Board 
(CPCB) are: 
e Advise the Central Government on matters 
relating to pollution 
e Coordinate the activities of the State Boards 
e Provide Technical assistance to the State Boards, 
carry out and sponsor investigations and research 
relating to control of pollution 
e Collect, compile and publish technical and 
statistical data, prepare manuals and code of 
conduct 
e To lay down standards 
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e To plan nation-wide programme for pollution 
control. 

Functions of the State Pollution Control Boards 

(SPCB) are: 

e To advise the State Governments on matters 
relating to pollution and on siting of industries 
To plan programme for pollution control 
To carry out inspection 
To lay down effluent and emission standards 
To issue consent to industries and other activities 
for compliance of prescribed emission and effluent 
standards. 

In addition to the Pollution Control Boards, 6 
Environmental Authorities have been constituted under 
the Environment (Protection) Act, 1968. These are: 

e The Central Ground Water Authority—Aqua 

Culture Authority 

e Dahanu Taluka Environment (Protection) 
Authority 

e Loss of Ecology (Prevention and Payment of 
Compensation) Authority for State of Tamilnadu 

e National Environment Appellate Authority, 1997. 

Different programmes/activities are implemented 
through SPCB such as 

1. pollution control in 17 categories of highly 
polluting industries. 

2. pollution control from industries discharging 
waste water into rivers and lakes. 

3. inventorisation of pollution industries in the State 
and ensuring their compliance to the pollution 
control norms. 

4. restoration of environmental quality in critically 
polluted areas. 

5. monitoring of water and ambient air quality in 
the States. 

6. hazardous waste. 

7. bio-medical and Management of Municipal Solid 
Wastes. 

The MoEF provides financial assistance to State 
Control Boards on specific projects relating to prevention 
and control of pollution such as 
Specific projects for abatement of pollution 
Hazardous waste management 
Management of municipal solid waste 
Strengthening of PCBs (for laboratory 
upgradation). 
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With the assistance of the World Bank, following 
three environmental projects have started to strengthen 
monitoring and enforcement capability of selected 
Pollution Control Boards and to perform specific studies 
to prevent environmental degradation. 

1. Industrial Pollution Control Project (IPC) —- Signed 

in 1991 and completed in 1999. 

2. Industrial Pollution Prevention Project (IPP) —- Signed 
in 1994 and its implementation is in progress. 

3. Environmental Management Capacity Building 
Technical Assistance Project in 1997 and its 
implementation is in progress. 

Specific strategies have been adopted to control each 

type of pollution, some of which are discussed below: 


1. Air Pollution: So as to regulate air pollution in India, 
the Air (Prevention and Control of Pollution) Act was 
legislated in 1981 towards prevention, control and its 
abatement. In the areas notified under this Act, no 
industrial pollution-causing activity could come up 
without the permission of the concerned SPCB. A more 
comprehensive Environment Protection Act (EPA) was 
passed in 1986 which conferred enforcement agencies 
with necessary punitive powers to restrict any activity 
that can harm the environment. 

To regulate vehicular pollution, the Central Motor 
Vehicles Act of 1939 was amended in 1989. Automobile 
emissions began to be regulated in 1990 for vehicle 
owners and in 1991 for vehicle manufacturers. Emission 
norms for tractors were notified in 1999 under the 
Central Motor Vehicles Rule. 

In 2000, the Bharat Emission Norms modelled on the 
basic Euro norms was introduced and gradually making 
the limits more stringent. Bharat III norms for passenger 
cars came into effect in 2005 in 11 metros while rest 

of the country shifted 
to Bharat II norms. 
Lead has been phased 
out of automobile fuel. 
Research on improving 
| the quality of vehicular 
fuel and shift towards 
renewable and less 
polluting sources is 
going on. 
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Summing up, the following are the steps taken to 

control vehicular pollution: 

1. Establishment of Ambient Air Quality Monitoring 
throughout India. 

2. Notification of Ambient Air Quality Standards 
under Environment (Protection) Act. 

3. Notification of vehicular emission norms for year 
1990-91, 1996, 1998, 2000, 2001, 2005. 

4. Improving fuel quality by phasing out lead from 
gasoline, reducing diesel sulphur, reducing 
gasoline benzene, etc. 

5. Introduction of alternate fuelled vehicles like 
CNG, electric (e.g., Reva), solar. 

6. Improvement of public transport system. 

7. Phasing out of grossly polluting commercial 
vehicles. 

8. Public awareness and campaigns. 


2. Water Pollution: The water (Prevention and Control 
of Pollution) Act, 1974 was legislated to control water 
pollution. It was amended in 1977 into the Water 
(Prevention and Control of Pollution) Cess Act. The 
enforcement agencies, i.e., CPCB and SPCBs, lay 
down standards for effluents, collect samples, carry 
out investigations, etc., related to water pollution. In 
addition, the Central Ground Water Authority - Aqua 
Culture Authority for National Capital Region of Delhi 
also works on problems related to water pollution. 

The Ganga Action Plan (GAP) was first launched in 
1985 to clean-up the river Ganga. In 1991, GAP Phase 
II was launched which also included cleaning operations 
for the tributaries of the Ganga and thus were added the 
Yamuna Action Plan (YAP). 

The National River Conservation plan funded by 
MoEF was launched in 1995 to clean-up rivers in India. 
Eighteen rivers in 10 states are covered by this plan. The 
major activities of the plan includes treating the pollution 
load from sewer systems of towns and cities, up sewage 
treatment plants, electric crematoria, low-cost sanitation 
facilities, river front development, afforestation and solid 
waste management. 


3. Noise Pollution: Strategies towards control of noise 


pollution in India includes the following steps that have 
been taken: 
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Ambient noise standards were notified in 1989, 
which formed the basis for SPCBs to initiate action 
against violating sources. According to these 
standards, the permissible limits are: Industrial 
area = 75 decibel (dB); Commercial area = 65 dB; 
Residential area = 55 dB. In addition, zones of 
silence have been established within a radius of 
100m in schools, courts, hospitals, etc. 

The vehicular noise standards, notified in 1990, 
are being implemented by the Ministry of Science 
and Technology to reduce traffic noise. These 
standards have been made more stringent vide 
a notification in September 2000 and have been 
made effective from January 2003. 

Noise standards for diesel genset were prescribed 
in December 1998. The government has been 
pursuing with SCPBs, generator manufacturing 
and major users for implementation of these 
standards. Presently these standards are being 
revised (the MoEF is in the process of issuing the 
notification) making it mandatory for all generator 
manufacturers to provide acoustic enclosure at 
the manufacturing stage itself. This will have a 
major impact on noise from diesel generator sets. 
CPCB after carrying out a compliance testing of 
fire crackers available in the market issued notice 
under Section 5 of the Environment (Protection) 
Act, 1986 tothe Department of Explosives, Nagpur, 
to take immediate steps to control manufacturing 
of fire-crackers exceeding the prescribed limits. 
Noise standards for fire-crackers were developed 
in Oct 1999. 

Noise standards for petrol and kerosene generator 
sets were notified in September 2002. The sale of 
these gensets will be prohibited if not certified by 
the testing agencies, identified for the purpose. 
The Noise Rules, 2000, regulates noise due to 
Public Address System/loud speakers. According 
to this, PAsystem/loud speakers shall not be used 
except after obtaining written permission from 
the authority. Further, these systems shall not be 
used at night (between 10 pm to 6 am) except in 
closed premises for communication within e.g., 
auditoria, conference rooms, community halls 
and banquet halls. It also prescribed procedures 
for noise complaint handling. 
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7. CPCB has taken up a study on aircraft noise 
monitoring in Indira Gandhi International Airport, 
New Delhi. It has prepared a background paper 
on requirement and procedure for monitoring 
ambient noise level due to aircraft. According to 
this, day-night average sound levels of 65 dB would 
be used as a guideline for assessing noise impact 
due to aircraft on residents. This norm should 
be followed by Civil Aviation Ministry, Directorate 
General of Civil Aviation, Airport Authority of 
India and other concerned agencies. This will be 
followed by development of guidelines/standards 
for aircraft noise. 

Other organisations such as the National 
Environmental Engineering Research Institute (NEERI), 
Nagpur, Centre for Science and Environment (CSE), 
The Energy and Resources Institute (TERI), Centre for 
Environmental Research and Education (CERE), Centre 
for Environment Education (CEE), etc., are also actively 
engaged in research and development in the field of 
environmental concerns including pollution control. 
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Chapter 6 


BIOSPHERE 


6.1 Sustainable and Non-sustainable 
use of Biological Populations 


Biodiversity plays an important role in providing food 
and medicine, besides energy and clothing. A total 
of about 3,000 plant species are used worldwide as a 
food source, with only 200 of these being domesticated. 
However, just 20 of these plants provide more than 
80 per cent of our food at the present time. A smaller 
number of animal species and their produces are used 
by humans as food. However, the scale at which this 
resource is utilised is often enormous. For example, in 
1989 world landings of fish and other aquatic life forms 
totalled 99.5 mega-tonnes, 70 per cent of which was for 
human consumption. 

Globally 3.5 billion people rely on plant-based 
medicine for primary health care, and in the USA 25 
per cent of medicines prescribed are still based on 
compounds originally found in plants. Many industrial 
materials, such as fibres, resins, dyes, waxes, pesticides, 
lubricants and perfumes are derived from plant or animal 
sources. Trees provide more than 3.8 million cubic 
metres of wood annually for use as fuel, timber or pulp. 
Besides such consumptive use, there is now a rapidly 


growing leisure industry, like ecotourism, which involves 
the non-consumptive “use” of the living world. 

As a result, utilisation of bio-resources often exceeds 
nature’s production capacity causing over harvest, 
resource depletion and yield reduction. Such non- 
sustainable use exceeding the “carrying capacity” leads to 
resource substitution by alternative species or regions. 

Traditionally, humans tried to minimise bio-resource 
overuse by adopting certain cultural and religious 
practices, based on qualitative wisdom that appears 
quite logical such as: 

e Earmarking of certain spaces prohibiting 
harvesting of plants and animal sources. For 
example “sacred” forests or water bodies, which 
served as shelter or breeding ground for many 
species. 

e Practise of keeping the land fallow by shifting 
the harvest area such as grazing lands, after 
each season or year or few years, that permitted 
natural regeneration of the resource. 

e Prohibiting harvest of certain species and also its 
consumption in certain seasons such as avoiding 
fishing during the monsoon, so that species could 
breed and grow and avoid loss of human life while 
fishing during the rough sea. 

e Use of non-damaging or less-destructive methods 
such as not permitting metal tools for harvest 
or harvesting only few tubers from a plant, 
facilitating its re-growth. 

e Fixing certain harvest quota such as number of 
animals for a given forest area. 

e Quality norms such as harvest of only the mature 
fruits, which prevents collection of immature or 
over-mature fruits at the single mass collection 
event. These unharvested resources are useful to 
the wildlife or for regeneration. 

Modern methods of sustainable use include 
establishment of extractive reserves for timber, hunting 
reserves for animals, hunting permits for certain 
number of kills etc. Several countries have drawn up 
Biodiversity Strategy and Action Plans (BSAP) and have 
enacted legislations to ensure sustainable use of their 
bioresources. Global Environment Facility (GEF) of 
the United Nations Environment Programme (UNEP) is 
promoting model projects in this sector. 
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Sustainability is based 
on the principle that we 
must meet the needs of the 
present without affecting the 
ability of future generations 
to meet their own needs. 
Sustainable agriculture is 
the one, which is ecologically 
sound, yet has economic 
profitability and imparts 
social and economic equity. 

Green Revolution in 
India introduced High 
Yielding Varieties (HYVs) of 
agricultural crops by using 
improved seed variety which required the application 
of high doses of fertilizers. The farmers began growing 
only one crop at a time while before they were growing 
more than one crop along with native wheat varieties. 
Traditional crops of high nutritive value were also 
replaced. According to Central Rice Research Institute the 
HYVs are susceptible to major pest, with a crop loss of 30 
to 100 per cent. High yield varieties gave a high yield only 
after application of chemicals in the form of fertilizers and 
pesticides. The excessive use of fertilisers in farms led to 
pollution of surface and ground water resources. Many 
chemicals present in fertilizers and pesticides entered the 
food chain causing severe damage to other fauna. There 
were severe pest problems to crops for which no effective 
solutions were available, yet people kept on using these 
chemicals just because subsidies were available. As 
a result of excessive use of chemicals the soil became 
acidic thereby severely affecting its fertility. 

Elements of sustainable agriculture include practising 
proper soil management, selection of proper crop and 
crop rotation, proper irrigation, and judicious inputs 
of fertilizers and pesticides and their replacement with 
organic substitutes. 

Soil management: Soil is the key component of 
sustainable agriculture. The fertile soil can reap good 
harvest for years to come. This is possible only when 
the soil retains its microfauna and humus. This can be 
achieved by use of biofertilizers and also practices like crop 
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rotation. Crops and seeds selection should be done keeping 
in view the quality of soil and climatic conditions of a place 
rather than using the same variety of seeds uniformly in 
all parts of the country. Hence, crops suited to that agro 
climatic zone should be selected for long-term soil fertility. 
Diversity in crops: The stability of a biodiverse agriculture 
is perhaps the most important characteristic, as recorded 
from many parts of the world. This can be best illustrated 
by a once common practice of the Garhwal Himalaya, the 
baranaja—meaning “12 grains”. This practice involved 
sowing of many crops in different parts of a single farm 
to obtain optimal and sustained yields. Since maturity 
periods of these crops varied, different crops were 
harvested at different times, that helped to retain soil 
moisture and provided a constant supply of food. 

Soil fertility was recharged by growing leguminous 

plants like pulses. According to some assessments, 
practicing baranaja provide a higher overall productivity 
(apart from meeting diverse needs) than if the field was 
to be converted into a soyabean monoculture, which 
was being propagated by agricultural agencies in the 
region. The erosion of genetic diversity and the extinction 
of indigenous seed varieties is a major threat to food 
security. 
Irrigation: Irrigation without making provision for 
drainage of excess water can lead to water logging. Water 
logging brings salts to the soil surface. This excessive 
salt in the soil is called salinisation. This leads to 
desertification of land which is a severe problem and 
needs to be avoided. 

Crops like millets and oil seeds which were grown 
earlier required less water but shift in crops to sugarcane 
in many places required water inputs throughout the year. 
Also the hybrid crop varieties of rice and wheat introduced 
need much more water than the indigenous varieties. For 
example, high yielding varieties of wheat require three 
times more irrigation than the traditional varieties. 
Inputs of fertilisers and bio-pesticides: Organic farming 
is said to be a more sustainable form of agriculture. 
Organic agriculture advocates avoiding the use of 
chemical fertilizers and pesticides and use of bio- 
fertilizers and bio-pesticides like neem oil etc. 

Use of biotechnology: Increase in population needs to be 
supported with food security and biotechnology can help 
in achieving food security using genetic engineering for 
nutritional enhancement in a crop. This technology can 
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be used not only to develop new crop varieties which are 
tolerant to diseases, pests and abiotic stresses but also 
to improve productivity and nutritional quality of food. 
To achieve this the traditional crop varieties if conserved 
will be of immense value to Indian agriculture. 


6.3 Impact of Genetically Modified 
Organisms 


An introduction of a foreign (new) biotic (living) or abiotic 
(non-living) factor in a natural environment tends to 
impact the existing ecosystem. Every ecosystem has 
various biological components with the knowledge to 
bring out biochemical processes stored in their genome. 
Hence, the total productivity of an ecosystem is decided 
by mutual interaction of these biological components or 
in other words their genomes. An ecosystem at genome 
the level can be defined as a natural unit where the 
genomes of plants, animals and micro-organisms in 
that area function together and carry out all the bio- 
geochemical process. 

It is imperative therefore, if a genetically modified 
(GM) biological unit is introduced in an ecosystem, it is 
expected that it is going to affect the ecosystem. However, 
the impact will always not necessarily be negative. GM 
tomatoes or other GM products appeared on British and 
US supermarkets around 1994-96. Around the same 
time, the Swiss voted overwhelmingly against a ban on 
research of genetic modification of plants and animals, 
whereas the European Commission decided on the 
labelling of genetically modified food. This suggests that 
there was a mix response from international community 
towards the GM products and even today it prevails. 


GMO: Definition 


In biological systems, a change in the inherited traits of 
a population from one generation to the next is defined 
as evolution. It happens over a period of time. One of the 
ways of evolution could be gene flow; it is the exchange 
of genes between populations, which are usually of 
the same species. Horizontal gene transfer is one such 
process, which involves the transfer of genetic material 
from one organism to another organism that is not its 
offspring. This is most common among bacteria. This is 
the main reason for development of antibiotic resistance 
in bacteria. This process of gene transfer leads to a 
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modified organism where the modifications are decided 
by the rules of nature. A genetically modified organism 
(GMO) or genetically engineered organism (GEO) on the 
other hand is an organism whose genetic material has 
been altered using genetic engineering techniques. These 
techniques are generally known as recombinant DNA 
technology. With recombinant DNA technology, DNA 
molecules from different sources are combined in vitro 
into one molecule to create a new gene. This reared DNA 
is then transferred into an organism and is responsible 
for the expression of modified or novel traits. 


GMO: Micro-organisms 


Genetically engineered micro-organisms could be the 
main factor that would induce the medical revolution of 
tomorrow. Micro-organisms can be genetically altered 
to synthesise human protein that could be the cure 
for a large number of diseases, if the right dose can 
be administered at the right place at the right time. 
Researchers in Belgium and the Netherlands are poised 
for the first trials in humans. If the tests get the go-ahead, 
it will be the first step towards a radically new kind of 
therapy: using GM bacteria to deliver therapeutics. 


GMO: Plants 


Genetically engineered plants represent a hope that 
could wipe out famine, reduce environmental pollution 
caused by pesticides or developing new varieties of plants. 
A strain of rice fortified with iron could give a new lease 
of life to some 2 billion rice-eaters worldwide who suffer 
from anemia. Another example of GMO plant is cotton 
engineered with a toxin-producing gene from Bacillus 
thuringiensis (Bt) which works as a protectant against 
pests in the field. Similarly, various vegetable crops are 
also now engineered to provide protection against pests 
using Bt or different genetic determinates. Genetically 
engineered plants are being used to fight natural pests and 
will go a long way in preventing famine. They also would 
provide a respite from pesticide contaminated food and 
reduce the risk of pesticides polluting the environment. 


GMO: Animals 


Perhaps the most popular genetically engineered animal 
is Dolly, the cloned sheep. It not only represents the 
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progress made in cloning technology but also a means of 
understanding the animal system to fight against various 
diseases. Gene therapy and stem cell research are the 
solutions of tomorrow and experiments are already in 
practice using genetically engineered mice making them 
immune to diseases, for example, diabetes. 


GMO: Products 


The new generations of therapeutics are now emerging 
by directly or indirectly using the GMO approach, for 
example insulin molecule is now being produced at 
commercial level by using GMO technique. Despite 
the advantages of genetic engineering, there is still a 
hot debate on the release and use of GMOs. Two main 
points of concern are the use and release of antibiotic 
resistant marker genes, and the ethical issue of whether 
research in this direction should be allowed or not, since 
it tampers with the natural laws. 


GMO: Regulatory Agencies 


A number of regulatory agencies have been initiated 
in each country to look into dealings with genetically 
modified organisms. These agencies are designed to 
protect the health and safety of people, and to protect 
the environment, by identifying risks posed by or as a 
result of gene technology, and by managing those risks 
through regulating certain dealings with GMOs. In India, 
the Review Committee on Genetic Manipulation, under 
the aegis of the Department of Biotechnology, Ministry of 
Science and Technology, reviews all issues related with 
GMOs and a panel of experts discuss all facets before 
recommending the use of GMOs. 


GMO Future 


Recently, in December 2007, there were two patent 
applications published by scientists at the J. Craig Venter 
Institute. It includes methodology for preparation of 
synthetic genomes and for transferring whole or partial 
genomes into natural or artificial cells. This could be the 
beginning of a new era of synthetic biology - an emerging 
field where the biological functional units will be constructed 
in part from chemically synthesised DNA. 
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6.4 Deforestation, Over-grazing, 
Over-fishing 


An intrinsic threat to ecosystem and biodiversity is 
overuse of its resources. This includes deforestation due 
to land-use change or over-harvest of forest produce, 
over-grazing and over-fishing in the aquatic context. 


Deforestation 


Various natural and human processes convert forest 
areas into non-forest areas. A report from the World 
Commission on Forests and Sustainable Development 
suggests that the forests of the world have been exploited 
to the point of crisis and that major changes in global 
forest management strategies would be needed to avoid 
the devastation. 

All types of forests are under great pressure. The rate at 
which deforestation is increasing, is highly alarming. The 
loss of rainforests around the world is most unfortunate, 
as these are rich in biodiversity. Traditional knowledge 
about forest produce, agro-forestry, medicinal values, 
industrial applications and evolutionary information is 
quite rich. Brazil with estimated 55,000 species of plants, 
amounting to approximately 20 per cent of the world’s 
total and India for example, which has about 46,000 
plants and 81,000 animal species (around 8 per cent of 
the world’s biodiversity) are two typical examples where 
forests are under great threat. For example, Forest of 
Western Ghats in India has lost 40 per cent of forest area 
between 1920-1990. 

The major pressures leading to deforestation include: 

e Encroachments of forestlands for agriculture and 
ranching (vast areas for rearing of animals and 
agriculture). 

e Development projects 
such as reservoirs, | 
roads, industry etc. 

e Over-harvest of 
timber, fuel wood, 
severely degrade vast f 
forest areas. 

e Over-grazing, fire and fi 
other pressures like 
encroachment for 


Deforestation for Jhum 
human settlements. cultivation 
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Deforestation has the following adverse impacts on 
the ecosystem and society: 

e Loss of biodiversity. 

e Reduction of carbon absorption capacity and 
consequently lowering oxygen emissions due to 
photosynthesis. 

e Reduction of forest produces such as fuel wood, 
timber, resins, medicines, food etc. 

e Increase in the rate of landslide, soil erosion, 
floods, changes in rainfall patterns etc. 

Though India faces deforestation at the rate of 2-3 
per cent of its forest area per annum for a few decades 
in the past, massive afforestation and Joint Forest 
Management (JFM) scheme have neutralised its effect to 
some extent, and the forest area is now stabilised at 22 
per cent of the country’s land area. 


Over-grazing 


It is a process wherein grazing occurs in a specific area 
beyond its carrying capacity leading to degradations of 
the areas. Over-grazing causes vegetation degradation 
in the form of poor basal cover, low plant density and 
changes in plant species. 

The pressure of grazing on forests has greatly 
increased, because of rise in livestock numbers, as 
well as pasture lands have been taken over for various 
purposes including irrigated cultivation, plantations, 
and urbanisation. 

Reduction of habitats due to various reasons leads to 
over-grazing of remaining parts. For example, reduced 
Lasiurus grasslands in Rajasthan are now being degraded 
by over-grazing and waterlogging and land-use changes 
caused by the Indira Gandhi Canal. Various grassland 
species like the Great Indian Bustard and Lesser Florican 
are endangered due to various pressures on their habitat, 
of which over-grazing is one of the main reasons. 


Over -fishing 


Fishing is a day-to-day activity of the fishermen to earn 
their livelihood. The fishermen fish in the lotic (running) 
and lentic (stagnant) water bodies with diverse types of 
fishing gears and methods. Specific gears are used for 
specific fish type, fishermen type and season. 
Over-fishing is excess harvesting of fish against its 
productive population. Sometimes the fishermen go 
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for over-fishing due to: | 
increase in demand, less 
availability of fish vis-a- 
vis number of fishermen, 
materialistic nature of 
fishermen, changes in : 
fishing techniques (use SEN ieee 
of fishing trawlers), and Assam — 
expansion of fishing areas 

(deep sea fishing), not recognising traditional norms like 
ban in monsoon period on fishing in some parts of the 
world etc. Whatever be the cause, over-fishing is not 
encouraged for the welfare of the fish, the water body 
and fish consumers. 

The global fishing fleet is currently 2.5 times larger 
than what the oceans can sustainably support — meaning 
that humans are taking far more fish out of the ocean 
than can be replaced by those remaining. As a result, 52 
per cent of the world’s fisheries are fully exploited, and 
24 per cent are overexploited, depleted, or beyond the 
level of recovering from depletion. 

Seven of the top ten marine fisheries are fully exploited 
or over-exploited. These amounts to about 30 per cent of 
all capture fisheries production. As many as 90 per cent 
of all the ocean’s large fish have been eliminated. Several 
important commercial fish populations have declined to 
the point where their survival is threatened. 

Unless the current situation improves, stocks of all 
species currently fished for food are predicted to collapse 
by 2048. Over-fishing cannot be curtailed unless the 
number of fishing vessels are regulated and the small 
mesh-sized fishing nets are not permitted. 

In India, over-harvesting has begun to deplete the 
stock of many species of fish, especially on the west 
coast following the introduction of trawlers. Around 
1970, the harvest was of the order of 50,000 tonnes per 
year. The current harvest is to the order of 2.5-3 million 
tonnes per year. This increase was facilitated by increased 
mechanisation of the craft, introduction of new gears and 
fish-locating devices and improvements in infrastructure for 
marketing the products inland and abroad. This is already 
at the maximum sustainable yield (MSY) for most fisheries 
and has in fact exceeded the MSY in some of the species, 
notably the shrimps, and in some of the coastal states, 
notably Kerala. The declining trend does not per se cause a 
loss of species, but there is a loss in their abundance. 
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6.5 Concept and Value of Biodiversity 


The term biodiversity refers to the variety of life 
that exists on earth. The word biodiversity is an all 
encompassing one. It refers to all living forms that exist 
on earth, whether domesticated or wild. Hence, the 
term biodiversity includes everything from the smallest 
micro-organisms to the largest plants and animals; 
from creatures that swim to those that fly, walk, or are 
stationary. Biodiversity includes all species that live 
or evolve in different habitats and ecosystems such 
as: rainforests, grasslands, marshes, deserts and oceans, 
etc. It also refers to the diversity of genes found within a 
species, which would explain why for example, all mango 
trees do not look alike or all offspring of a dog are not 
identical. 

There are many reasons why biodiversity is 
important to the environment. However, before taking 
an anthropocentric view of the value of biodiversity 
and seeing the different ways human beings depend on 
biodiversity, it is first important to acknowledge that all 
species have a right to exist on earth, a right just as 
much as all human beings do. Each and every living form 
has a role to play in the very fine balances that exist in 
nature, and it would be ethically wrong to value species 
only from the standpoint of human welfare. 

The fact that all human beings depend on biodiversity 
either directly or indirectly in many ways is becoming 
increasingly clear to us. Many people all over the world 
depend on bio-resources to satisfy their immediate needs 
of food, shelter, medicine, clothing, fodder and fuel. In 
India, about 70 per cent of our population meets its basic 
needs directly from local ecosystems. 

Human health is closely linked to biodiversity. About 
80 per cent of the world’s population uses medicines that 
are derived from plants and animals. More than 25 per 
cent of the prescription drugs that are used in the world 
contain compounds that are derived from the natural 
world. There is also a growing realisation that being close 
to natural surroundings promotes one’s state of health. 

Biodiversity is closely linked with cultural, spiritual 
and religious practices and beliefs. Many species have 
been given a special religious significance. For example, 
felling or cutting of many trees has been prohibited 
in many communities, for example, the banyan tree. 
Similarly killing of some birds and animals considered 
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sacred is forbidden. Patches of forests, mountains, lakes 
etc., have been considered sacred by communities, who 
have then observed strict rules that have protected or 
conserved them. 

The fact that biodiversity plays an important role in 
meeting our basic needs is easily visible to us. We, however, 
may not be so aware of the fact that biodiversity plays a 
crucial role benefitting the ecosystem like soil formation, 
decomposition, nutrient recycling, enhancement of air 
and water quality, flood control, maintenance and raising 
of the water table and many more. These ecosystem 
benefits keep the planet healthy and make it a liveable 
place for all species. 

A nation’s economy has a direct bearing with the 
extent of biodiversity that exists in the country. Some 
of these can be easily valued in economic terms if we 
consider the cost of the goods that biodiversity gives 
us in terms of agricultural crops, medicines, fibres for 
our clothes and so on. It is more difficult to assess in 
economic terms the role of biodiversity in providing 
ecosystem services. The value of services provided by 
ecosystems worldwide is estimated to be $33 trillion or 
approximately 1.32 lakh crore rupees per year, which far 
exceeds the value of human produced goods and services 
which is estimated to be $18 trillion or approximately 
0.72 lakh crore rupees per year! 


6.6 Components of Biodiversity - Genes, 
Species and Ecosystems 


According to the Convention on Biological Diversity 
CBD (1992), biological diversity means the variety and 
variability among living organisms of a region, from all 
sources including inter alia, terrestrial, marine and other 
aquatic ecosystem, and the ecological complexes, of 
which they are part. This includes diversity at genetic and 
molecular levels, within and between species and among 
ecosystems. But, Gaston (1998) defined biodiversity as 
the sum total of life, physical expression and genetic 
potential contained in the array of the organism living 
today. It is the bank of the earth’s successful genes: a 
bank that holds some 3.5 billion years of life’s solution 
to the problem of surviving and competing in our 
planet (Kevin et al., 1998). Thus biodiversity has three 
components viz., genes, species and ecosystems. 
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Genetic diversity: It represents the heritable variations 
within and between organisms of a population. It refers 
to the total number of genetic characteristics expressed 
and recessed, in all of the individuals that comprised a 
particular species. 
Species diversity: Species diversity refers to the variety 
of species in a site or habitat. A species is a group of 
organism (plants or animals) that are similar and able 
to produce viable offspring in their natural conditions. It 
presently includes between 15 to 40 million species on 
earth though scientists could classify only 1.75 million. 

It has been found that species richness increases 
from higher latitude to lower latitude. The most popular 
way of measurement of species diversity is by calculating 
Shannon and Wiener Index (1949). 

It is given by the formula: 


a= Ea Joel) 


Where: Ni = Total no. of individuals of a species. 

N = Total no. of individuals of all the species in a site. 
Ecosystem diversity: Ecosystem diversity includes 
the relative abundance of species, age structure of a 
population, the pattern of communities inside a habitat 
and change in community composition. Thus it is 
regarded as the variation of habitat of community types 
and abiotic environment in a given area. Therefore, an 
ecosystem may include a variety of habitats like forest, 
grassland, lakes, rivers, ocean, etc., interacting with 
each other and with the abiotic environment. 

Diversity can be defined at three scales, viz.: 

1. The diversity within a site or a habitat referred to 
as alpha (œ) diversity. It is measured locally at a 
single site. 

2. The differences between habitats referred to as 
beta (8) diversity. It measures the amount of 
change between 2 sites or habitats. It is usually 
expressed in terms of similarity index between 
communities, (or species turn over rate) and 
between different habitat in the same area. 

3. The differences in site diversity over the large 
areas such as continent is referred to as gamma 
(Y) diversity. 

Biodiversity on earth is a product of 3.5 billion years 

of evolution. Hence, it is the sacred duty of human kind 
to conserve it for our sustainable future. 
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6.7 Landscape Ecology 


The term “landscape ecology” was first introduced in 
1939 by Carl Troll, a German bio-geographer who was 
interested in understanding the spatial perspectives 
offered by aerial photography. Landscape ecology 
represents a branch of ecology which deals with the 
relationship between spatial patterns of interacting 
landscape systems and their impacts on ecological 
phenomena. The underlying premise is that the landscape 
mosaics affect ecological systems in a manner that is 
driven by their spatial pattern and configuration. The 
impact would be different if the composition or spatial 
arrangement of these mosaics were different. This is in 
contrast to much previous understanding of ecological 
systems, which tended to focus on spatially homogeneous 
areas, such as a forest stand or a wetland patch, without 
considering their position within a larger, interacting 
ecological mosaic. Thus, landscape ecology often focuses 
on spatial extents that are much larger than those 
traditionally studied in ecology. The field of landscape 
ecology is closely linked with those of geography (which 
offers the spatial perspective), and ecology (which offers 
the functional perspective). Thus, landscape ecology 
represents an inherently inter-disciplinary science. 
Scale is a concept central to the study of landscapes, 
as the insights obtained into particular ecological issues 
depend critically upon the scale of observation. Scale can 
be defined by two separate, but linked attributes. The first, 
extent, refers to the spatial size of the landscape units 
under study. The second, grain, describes the maximum 
resolution with which the landscape can be observed - 
often described by the size of the minimum mapping unit 
which can be used to spatially map the landscape into 
its constituent parts. The spatial and temporal scales 
that are important to, and apparent to humans need 
not necessarily be those that are relevant to different 
organisms such as small ranging beetles, or large ranging 
eagles. Most landscapes are used by, and changed by 
humans. Landscapes are therefore often defined at the 
scale of human observation, from tens to hundreds of 
square kilometres. Nevertheless, landscapes can also be 
defined from the point of view of other organisms, from 
ants to tigers. Central to all definitions, however, is the 
fact that landscapes need to be heterogeneous in at least 
one factor of interest (usually, this means that there 
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should be more than one 
habitat type distributed 
within a landscape). 


A landscape is 
typically considered as 
being composed of 


patches—distinct, spatially 
contiguous habitats that are 
spatially distinct from their 
surroundings, such as a wetland or a forest grove; corridors 
— linear elements such as roads or rivers; and the matrix 
— the dominant habitat type within which other patches 
and corridors are embedded. The size, shape and spatial 
distribution of each of these components can be quantified 
by landscape spatial metrics and related with attributes 
such as biodiversity and ecological function. Satellite 
remote sensing and Geographical Information Systems 
have been particularly useful for this purpose, and the 
discipline of landscape ecology has expanded rapidly in 
the past 30 years, following the rapid development of these 
techniques for landscape mapping and assessment. 


6.8 India as a Mega Diversity Nation 


India is one of the 12 megadiverse areas of the world. With 
only 2.5 per cent of the land area, India already accounts 
for 7.8 per cent of the recorded species of the world. 
Biodiversity also includes countless millions of races, 
subspecies and local variants of species and the ecological 
processes and cycles that link organisms to populations, 
communities, ecosystems and ultimately the entire 
biosphere. A more easily recognised element of biological 
diversity is the distinct species. An association of species 
in an area is another recognisable element of biological 
diversity which is termed as community. Communities 
form the biotic components of ecosystems. 

Biodiversity in Indiaismainlyrecognisedatthree levels, 
namely genetic level, species level and ecosystem level 
which have already been discussed in 6.6. Biodiversity is 
dynamic at all the three levels. The genetic composition 
of species changes over time in response to natural and 
human-induced selection pressures. Occurrence and 
relative abundance of species in ecological communities 
changes as a result of ecological and physical factors. 
Ecosystems strongly respond to external dynamics and 
internal pressures. 
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Bio-geographically, India is situated at the tri- 
junction of the Afro-tropical, the Indo-Malayan and 
the Palearctic realms. Because of its proximity to all 
three realms, India possesses a unique assemblage of 
characteristic elements of biodiversity of each of them. 
Based on available data, India ranks tenth in the world 
and fourth in Asia in plant diversity. According to 
surveys conducted so far, 47,000+ species of plants and 
90,000+ species of animals are found in India. India 
is an acknowledged centre of rich crop diversity. It is 
considered to be home to 167 important cultivated plant 
species and 320 species of their wild relatives. India 
is considered to be the centre of the origin of 30,000 to 
50,000 varieties of rice, pigeon pea, mango, turmeric, 
ginger, pepper, banana, bitter gourd, okra, coconut, 
cardamom, jack fruit, sugarcane, bamboo, taro, indigo, 
sun hemp, amaranthus, goose berries, etc. There are 
several hundred species of wild crop relatives distributed 
all over the country. India’s domesticated animals consist 
of diverse livestock including poultry and other animal 
breeds. 

The 34 biodiversity hotspots identified so far hold 
especially high numbers of endemic species covering 
only 2.3 per cent of their combined area of remaining 
habitat in the world. India has two hotspots, namely, the 
Himalaya and the Western Ghats. 

The efforts of in situ conservation in India are mainly 
concentrated in 605 protected areas (505 wildlife 
sanctuaries and 100 national parks) as of 2007. In 
addition, India has 14 biosphere reserves, spread across 
various bio-geographic zones of the country where the 
Sundarbans, Gulf of Mannar, and the Nilgiri are now 
included in the international network of biosphere 
reserves recognised by United Nations Education 
Scientific and Cultural Organisation (UNESCO). India 
also has 6 World Heritage Sites of UNESCO. Till date 25 
wetlands have been designated as Ramsar sites. 

In terms ofcultural perspective India has about 40,000 
to 50,000 endogamous groups of people suggesting very 
high level of diversity of languages, culture, knowledge 
of ecosystems and so on. In India, more than 400,000 
practitioners of traditional medicinal systems are using 
80 per cent of plant based raw material for drugs. 

The innumerable water bodies in India contain 
bewildering diversity of fish species in them. The ichthyo 
species (fish) in the Indian Freshwater (FW) bodies total 
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to 2500 species out of a global total of 8411 FW fish 
species. The Marine biodiversity in the Indian Maritime 
region total to 1570 species out of a global total of 11650 
species of marine fishes. The fresh water fish diversity in 
the lentic and lotic systems of the North-Eastern Region 
of India totals around 267 species; thus, qualifying it as 
one of the ‘Hotspots’ of fish biodiversity in the World. 

Unless this biodiversity is used sustainably, the future 
generations of India will not enjoy the benefit. There 
are many human pressures exerted on the biodiversity 
that exists, in India’s forests, grasslands, wetlands, 
mountains, deserts and marine ecosystems. One of the 
major causes for the loss of biological diversity in India 
has been the extensive depletion of vegetative cover to 
make way for expanding agriculture. Since most of the 
forests rich in biodiversity also contain the maximum 
amount of mineral wealth and are also the best sites for 
water impoundment and mining, development projects 
in these areas have often led to destruction of habitats. 
Poaching and illegal trade of wild life products have 
also threatened biological diversity. The major threat to 
species and genetic diversity in India are similar to those 
found elsewhere in the world. 

It has been observed that biodiversity is distributed in 
a heterogeneous fashion on the earth. This accumulation 
of species in selected regions of the world has prompted 
the concept of megadiverse country. The concept was 
put forward in 1988 in a conference organised by the 
Smithsonian Institution in Washington D.C. 

But considering the conservation and trade 
importance of biodiversity along with the associated 
knowledge, there have been political conglomeration 
of selected countries at international forum such 
as Convention on Biological Diversity. Seventeen 
countries rich in biological diversity and associated 
traditional knowledge have formed a group known as 
the Like Minded Megadiverse Countries (LMMC). The 
members of LMMC group are mainly from developing 
and tropical countries. The LMMC group has been 
created to provide a forum to jointly promote their 
interests regarding biological diversity and in particular 
the protection of traditional knowledge, access to 
genetic resources and the fair and equitable sharing 
of benefits derived from their use. India became the 
President of LMMC group during 2004 to 2006. The 
activities of LMMC group can be checked and accessed 
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at http://www.Immce.nic.in. The review of world data on 
species richness suggests that LMMC countries hold top 
four positions in mammals, birds, amphibians, reptiles 
and higher plants. 

In a nutshell, the mega diversity nature of India 
needs to be understood in terms of diversity of flora, 
fauna, ecosystems and traditional knowledge of people 
associated with the biodiversity. 


6.9 Economic Potential of Biodiversity 


Decisions on protecting species, communities and genetic 
variation often come down to arguments over money: 
how much will it cost? And how much is it worth? The 
economic value of something is most often considered to 
be the amount of money people are willing to pay for it. 
An estimated 40 per cent of the world trade is based on 
biological products or processes. 

Standard economics has tended to ignore the costs 
of environmental damage and the depletion of natural 
resources. While some conservation biologists argue 
that biological diversity is priceless and should not be 
assigned economic values, economic justification for 
biological diversity will play an increasingly important 
role in debates on the issue of natural resources. 

Many countries that show annual increases in their 
Gross Domestic Product may actually have stagnant 
or even declining economies when depletion of natural 
resources and damage to the environment are included 
in the calculations. Large development projects are 
being increasingly analysed by environment impact 
assessments and cost benefit analysis are carried out 
before being approved. 

A number of methods have been developed to assign 
economic value to biological diversity. In one method, 
values are divided between direct values, which are 
assigned to products harvested by people and indirect 
values are assigned to benefits provided by biological 
diversity that do not involve harvesting or destroying the 
resource. 

Direct values can be further divided into consumptive 
use value and productive use value. Consumptive use 
value is assigned to products that are locally consumed 
such as fuel wood, local medicines and building materials. 
These goods can be valued by determining how much 
money people would have to pay for them if they were 
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unavailable in the wild. If over-exploitation makes these 
wild products unavailable, then the living standard of 
people that will depend on them will decline. 

Productive use value can be assigned to products 
harvested in the wild and sold in markets such as 
commercial timber, fish, shellfish and meat. Species 
collected in the wild have great productive use value 
in their ability to provide genetic material for domestic 
species and for the genetic improvement of agricultural 
crops. Wild species have also been a major source of 
new medicines. For example, the annual value of trade 
in oceanic fisheries is valued at 4.5 billion euros — a six- 
fold increase from the 1976 levels. However, catch rates 
are in continuous decline, and almost 75 per cent of the 
world’s fish stocks are already fished upto or beyond 
their sustainable limit. Without sound conservation and 
management measures, fisheries will quickly become 
depleted and a basic component of global food security 
will be lost. 

Indirect values can be assigned to aspects of 
biological diversity that provide economic benefits to 
people but are not harvested or damaged during use. 
Non-consumptive use values of ecosystems include 
ecosystem productivity, important as the starting point 
or all food chains; protection of soil and water resources, 
the interactions of wild species with commercial crops 
and the regulation of climate. Biodiversity is also the 
foundation of a growing recreation and ecotourism 
industry. The numbers of people involved and the amount 
of money spent on such activities are surprisingly large. 
In many countries, particularly in the developing world, 
ecotourism represents one of the major sources of 
foreign income. Biodiversity also has an option value in 
terms of its potential to provide future benefits to human 
society such as new medicines, biological control agents 
and new crops. The biotechnology industry is developing 
innovative techniques to take advantage of new products 
and biochemical processes found in the living world. 

People are often willing to pay money in the form 
of voluntary contributions to ensure the continued 
existence of a unique species, biological communities 
and landscapes (e.g., the tiger, panda, etc.). This amount 
represents the existence value of biological diversity. 

It is not possible to figure out the true economic 
value of any piece of biological diversity. We do not know 
enough about any gene, species or ecosystem to be able 
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to calculate its ecological and economic worth in the 
larger scheme of things. Can we really assign numbers 
to many of the values of biodiversity? For example, 
we may be able to figure out the value in terms of lost 
fishermen days when rivers are destroyed by pollution. 
However, what sort of value do we assign to the loss of 
the community when a whole generation of its children 
can never experience the streams in their environment 
as amenities? How can we deal with values of organisms 
whose very existence escapes our notice? Before we fully 
appreciated the vital role that mycorrhizal symbiosis 
plays in the lives of many plants what kind of value 
would we have assigned to the tiny, threadlike fungi in 
the soil that make those relationships possible? 

We can only thus try to understand the economic 
potential of biodiversity by assigning notional values. 


Economic Potential of Biodiversity (BD) 


1. The globe has been very rich in BD, particularly 
in the developing countries in the tropics which 
have so far been harvested at ease without much 
restrictions. 

2. Now, many developing countries have started 
realising the economic and commercial value 
of the BD; particularly, the tropical hardwoods, 
fisheries, game viewing and tourism. These have led 
to growing change in the concept of recognition of BD 
as available bioresources and people have started 
working towards commercial exploitation of BD. 

3. So far, the developed nations have been 
harvesting the BD even of the developing nations, 
in addition to their own, mainly for agricultural 
and pharmaceutical purposes, mostly at their 
own advantage. 

4. With gradual awareness, now, the developing 
nations have started imposing restrictions on the 
developed nations with regard to harvest of BD. 
They also started demanding for greater share 
of the financial benefits arising from the harvest 
of BD. Thus, a global awareness was evident 
regarding the economic potential of BD. 

5. Today, economic potential of BD is dealt with 
under different aspects, notably, Biotechnology, 
Industry, Agriculture and Aquaculture. 
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6. Significantly, the economic potential of Fish BD 
is a prominent subject matter of Aquaculture. 

7. Scientific Pisciculture could lead to the production 
of around 3000 kg of fish per hectare per year 
which could give an earning of Rs 1,50,000.00 
per hectare per year to a fish farmer. 

8. Similarly, other items of aquaculture, like prawn 
culture, pearl culture, mariculture are also 
profitable, if done scientifically. 


6.10 Loss of Biodiversity — Threatened, 
Endangered and Extinct Species 


We live in a period today where there are more species 
on earth at the present geological time than in any other 
period and yet as a result of human activity the current 
rate of species extinction is so rapid that it can be 
compared to the five episodes of natural mass extinction 
found at intervals in the geological record. 

Since 1600, 2.1 per cent of the world’s mammal 
species and 1.3 per cent of the bird species have gone 
extinct. The rate of extinction is accelerating and many 
extant species are teetering on the brink of extinction. 
The current observed rate of extinction for birds and 
mammals is between 100 and 1000 times greater than 
would be expected to occur naturally. Species that 
occupy islands are the most vulnerable to extinction 
because these species occupy only a small area and they 
are often unable to defend themselves against humans 
and exotic species and diseases humans bring to the 
islands. Individuals of long-lived species that remain 
alive in severely disturbed and fragmented habitats can 
be considered ‘the living dead’. The individuals may 
persist for many years, but the species will eventually 
die out due to lack of reproduction. 

A species may be considered rare if it has one of 
the following characteristics: if it occupies a narrow 
geographical range, if it 
occupies only one or a 
few specialised habitats 
or if it is always found in 
=. small populations. Isolated 

= habitats such as islands, 
lakes and mountain tops 
=may have many endemic 
j species that are found 
nowhere else. 


TEACHERS’ HANDBOOK ON ENVIRONMENTAL EDUCATION 


Species most vulnerable to extinction have one or more 
of the following characteristics: a very narrow range; one 
or only few populations; and/or small population size. 
Additional risk factors include low population density; a 
large home range; large body size; low rate of population 
increase; poor dispersal ability; a need to migrate among 
different habitats, little genetic variability; specialised 
niche requirements; a need for a stable environment; 
and large aggregations. An extinction prone species may 
display several of these characteristics. 

To highlight the status of species for conservation 
purposes, the International Union for the Conservation 
of Nature (IUCN) has established five main conservation 
categories: 

Extinct: Species that are no longer known to exist in the 
wild. 

Endangered: Species that have a high likelihood of going 
extinct in the near future and include species whose 
numbers of individuals have been reduced to the point 
that the survival of the species is unlikely if the present 
trends continue. 

Vulnerable: Species that may become endangered in 
the near future because populations of the species are 
decreasing in size throughout its range. 

Rare: Species that have small total number of individuals 
often due to limited geographical ranges or low 
population densities. Although these species may not 
face any immediate danger, their small numbers make 
them likely candidates to become endangered. 
Insufficiently known: Species that probably belong in one 
of the conservation categories but are not sufficiently 
well known to be assigned to a specific category. 

This system of classification is now widely used 
to evaluate the status of the species and establish 
conservation priorities. However, due to the subjective 
nature of this classification, some scientists have 
recommended a more quantitative three category system: 

Critical species have a 50 per cent or greater 
probability of extinction within 5 years or 2 generations 
whichever is longer. 

Endangered species have a 20 per cent probability of 
extinction within 20 years or ten generations. 

Vulnerable species have a 10 per cent probability of 
extinction within 100 years. 

Massive disturbances to the environment caused 
by human activities are driving species and even 
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communities to the point of extinction. The major threat 
to biological diversity is the loss of habitat. It is predicted 
that by the year 2040 very little undisturbed rain 
forest will exist outside Protected Areas. Overgrazing, 
unsustainable agriculture and burning also lead to soil 
erosion and desertification. Habitat fragmentation can 
also lead to rapid loss of species remaining in the area 
as it creates barriers to the normal process for dispersal, 
colonisation and foraging. 

Environmental pollution also causes extinction 
of species. Pesticides used to control insects become 
concentrated in the bodies of birds of prey leading to 
a decline in populations. Water pollution by petroleum 
products, sewage and industrial wastes can kill species 
outright or eliminate them gradually. Increased sediment 
loads caused by soil erosion and excess nutrient inputs 
from sewage are particularly harmful to some aquatic 
communities. Acid rain, high ozone concentrations at the 
earth’s surface and airborne toxic metals are aspects of 
air pollution that damage communities. Temperature 
changes due to global climate change will also cause mass 
extinctions as species will be unable to adjust their ranges 
and low-lying coastal communities may be submerged. 

Humans have deliberately and accidentally moved 
thousands of species to new regions of the world. Some 
of these exotic species grow aggressively and eliminate 
native species thus contributing to extinction. Similarly, 
human activities also increase the incidence of disease 
in wild species. Animals are more prone to diseases and 
susceptible to infection if they are under stress and held 
in captivity. Over-exploitation threatens about one-third 
of the endangered vertebrates as well as other species. 
Growing poverty, increasingly efficient methods of 
harvesting and the globalisation of the economy combine 
to exploit species to the point of extinction. Breakdown of 
traditional societies has ensured loss of customs that were 
in place for preventing over harvesting of resources. 

So far, 484 species of animal and 654 plants have 
become extinct since 1600 AD. IUCN considers that one 
in eight plant species is at risk of extinction. Resulting from 
this array of human threats, rates of extinction are now 
estimated to be between 1,000 and 10,000 times greater 
than in the recent past. Tropical forests are being destroyed 
at the rate of 0.8 to 2.0 per cent per annum, sending some 
of their estimated 5 million species into extinction. 
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Domestic animals make a major contribution to 
human requirements for food in the form of meat, milk, 
milk products, eggs, fibre, fertiliser for crops as well as 
draught power. This major contribution is made by some 
4,500 breeds drawn from 40 or more animal species. 
These breeds, developed over the past 12,000 years, 
represent the remaining pool of genetic diversity from 
which future demands must be met. However, they are 
currently dying out at a rate of six breeds per month. 
Latest information suggests that 30 per cent of the 
world’s breeds are at risk of extinction. 

The current extinction rate is nearly 1,000 times the 
background rate and may climb to 10,000 times the 
background rate towards the end of the 21st century. 
At this rate, 30 per cent to 60 per cent of all species 
of plants, animals and other organisms would be lost 
during the 2nd half of the 21st century, a loss that would 
easily equal those of past extinctions. 

Millenium Ecosystem Assessment has estimated 
about 10-30 per cent of the mammal, bird and amphibian 
species currently threatened with extinction, all due to 
human actions. 

World Wide Fund for Nature (WWFN) in a 2002 report 
found that vertebrate species populations have declined by 
about 30 per cent in 33 years from 1970 to 2003 and 25 per 
cent of the world’s species might be nearly extinct by 2050 
as a result of global warming. In India, about 215 vertebrate 
species and 3,000 flowering plant species are threatened. 

These impacts will aggravate in the future as the 
human population increases especially in species rich 
tropical countries. Slowing human population growth 
is part of the solution to this crisis. The other most 
important means of protecting biological diversity is 
preserving habitat. 


6.11 Strategies for Conservation of 
Biodiversity — In situ and Ex situ 


The conservation of biodiversity can take place in two 
basic ways: in situ and ex situ. In situ (which means “at 
the site”) conservation takes place where taxa (species 
and varieties or subspecies, and their populations) are 
protected and/or sustainably used in their natural 
surrounds (for micro-organisms, wild plants and 
wild animals), or at their sites of domestication and 
diversification (for agricultural crops and livestock). 
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For wildlife, this would be through giving special 
protection to the habitats they live or feed in, such as 
forests, wetlands, grasslands, coastal and marine areas, 
and deserts. In India, there are over 600 ‘protected areas’ 
(PAs) declared by the government, within which wildlife 
is supposed to be given protection from any threat. 
These PAs cover a little less than 5 per cent of India’s 
territory. But even older and more numerous than 
this, are ‘community conserved areas’ (CCAs), where 
adivasi and other communities have been conserving 
ecosystems and species for social, cultural, economic, 
or other reasons. Usually such CCAs are smaller than 
PAs, since local communities cannot manage very large 
areas, but occasionally they can be quite large (several 
hundred sq. km in size). 

In situ conservation of wildlife can also take place 
through providing legal, cultural and other forms of 
protection to species, wherever they exist. For instance, 
in India several species are listed in the Wild Life 
(Protection) Act and thereby given protection against 
hunting or capture for trade anywhere in the country. 
Several species are also culturally protected across the 
landscape by communities, because they are considered 
sacred, such as the Langur, Blackbuck, the Sarus crane, 
several species of the fig (Ficus) family, and others. 

In situconservation of agricultural plants and animals 
is usually done by farmers, pastoralists (herders), and 
fisher people. These communities have for thousands of 
years bred and used a diversity of crops and livestock, 
and maintained them on fields or pastures, or in water 
bodies. A number of farmers’ movements and NGOs are 
today trying to spread this form of conservation. 

Ex situ (which means “outside the site”) conservation 
takes place where taxa are protected and managed in 
artificial conditions, for instance zoos and aquaria for 
animals, and gene banks for crops and livestock. India 
has several such facilities, 
managed by government 
bodies (like the forest and 
agricultural departments, 
or the Zoological and 
Botanical Surveys of 
India) or in some cases by 
independent institutions 
such as universities. For 


Jim Corbett National Park 
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micro-organisms too, there are ex situ facilities, called 
‘culture collections’. India has 165 zoos, 33 botanical 
gardens and over 20 major microbial culture collections, 
according to government statistics. Communities too 
have ex situ facilities, in the form of herbal home gardens, 
village grain banks, and the like. 

Usually ex situconservation is meant as a supplement 
to in situconservation, to ensure that some taxa that may 
not survive in the wild or on farms do not get totally wiped 
out, or to provide breeding facilities from which plants 
or animals can be reintroduced into in situ conditions. 
It is important not to consider ex situ as a substitute 
to in situ. This is because the evolutionary factors that 
are so important in keeping alive biodiversity, providing 
unique characteristics to each taxa, and maintaining 
the health of the ecosystem, are available only in in situ 
conditions. In addition, ex situ conservation is typically 
very expensive, and prone to all kinds of failures. 
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Strategies for Conservation: In situ and Ex situ 
Conservation: Fish BD 


Fish sustenance is in threat due to: 

(a) Siltation, Eutrophication and pollution of the 

water bodies 

(b) Fish disease, notably, Epizootic Ulcerative 

Syndrome (EUS). 

It is, perhaps, the wisest strategy to conserve fish 
in its own home in the particular waterbody, i.e., in 
situ, where a fish would certainly be at home. However, 
the above two factors are to be taken care of, with due 
prudence. 

It would, perhaps, be little unwise to address all the 
problems at the same time. Rather, it would be frugal, 
beneficial and pragmatic, if we, as a pilot strategy, take 
up renovation/reclamation of the water bodies which 
are in the less polluted and more nature-friendly areas 
and which are victims of only few problems resulting 
mostly due to natural successional process, lime siltation 
and eutrophication. Such water bodies are found in the 
largely virgin North-East India. 

The waterbodies could be desilted gradually and 
mechanically by employing innumerable unemployed 
labourers under Food for Work’ Programme; and, further 
siltation of water bodies could be prevented by putting 
mechanical silt traps, particularly, in the small torrential 
hill streams, which are mostly victims of siltation. In 
this way, the depth of the water bodies, particularly the 
rivers, could be increased gradually, through desiltation. 
The breeding grounds of Large Growing Fishes (LGF) 
could thus be revived and the population of fishes in the 
water bodies would be on the rise. 

Nevertheless, some of the critically endangered fish 
species could be transferred to ‘Aquatic sanctuaries’ for 
their ex situ conservation. 


6.12 Mitigating the People—Wildlife Conflict 


Humans evolved in the African savannahs but populated 
rest of the world over the last 60,000 years or so. During 
their range expansion, they competed with and extirpated 
many wildlife species that were not evolutionarily adapted 
to face such a new, resourceful adversary. Although 
many wildlife species survived human invasion of 
their habitats, their distributional range shrank by over 
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90 per cent, as with tigers, elephants, lions and cheetahs. 
The issue of mitigating conflict between people and 
wildlife now must be seen in this context, particularly 
because the popular media tends to misrepresent wildlife 
species as aggressive intruders when conflict occurs. 
‘Conflict’, here, is defined to exclude crop damage or 
spread of diseases (e.g., rabies, anthrax) by smaller life 
forms such as rodents, birds or insects, and focused on 
the conflict between humans and larger vertebrates. 

People-wildlife conflicts are rooted in the fact that 
we humans are also large-bodied vertebrates who try 
to exploit the land for the same resources that wildlife 
requires for survival. Humans raise nutritious crops 
such as rice and sugarcane: if there are elephants or 
wild pigs in the surroundings they will raid these riches. 
Humans also raise cattle or sheep for meat and dairy 
products. If there are tigers, leopards or wolves they 
naturally attack such easy prey. The consequences of 
the ensuing conflict may include loss of crops, livestock, 
livelihood opportunities and sometimes even human 
lives. 

Numerous tactics are employed by people to mitigate 
conflicts with wildlife, depending on local ecological 
and social conditions. These may range all the way 
from the ‘soft’ option of simply tolerating conflict to 
the ‘hard’ option of extirpating wildlife. However, most 
such mitigation tactics involve either modifying human 
behaviour or modifying wildlife behaviour. 

In parts of north-western India, people tolerate wildlife 
damage stoically out of deep-rooted cultural traditions. 
To some degree, education can be used to inculcate 
tolerance as well as to teach appropriate behaviour in 
the presence of dangerous wildlife (e.g., not crowding 
around a cornered big cat). Another form of human 
behaviour modification occurs when people change 
cropping patterns (e.g., switch from planting sugarcane 
to cotton to avoid elephants) or change livestock rearing 
practices (e.g., from free-range grazing to stall feeding to 
avoid predators). Schemes that insure crops or livestock 
against losses, or post-facto payment of compensation, 
are examples of tactics that can modify human behaviour. 
Prominently demarcating legal boundaries of wildlife 
habitats (e.g., to keep out herders), providing government 
assistance in driving away wildlife, and legally punishing 
people who retaliate against wildlife, can also mitigate 
conflict under appropriate circumstances. 
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Another set of conflict mitigation tactics involves 
modifying the behaviour of wildlife species to deter them 
from raiding crops or killing livestock. Establishing 
physical barriers between human settlements and 
wildlife by means of trenches, fences, walls and 
stockades, or by using repellents such as noise, light 
or chemicals, are perhaps some of the most widely 
used mitigation measures that alter wildlife behaviour. 
Employing human watchers or guard-dogs is another 
common tactic. In some cases, where specialised 
resources and skills are available and ecological 
conditions suitable, problem animals involved in 
conflict can be captured, sedated and taken away from 
the conflict zone. In many cases, animals involved in 
conflict are simply killed off (either legally or illegally). 
In the case of large carnivores that become confirmed 
man-eaters, this extreme measure sometimes becomes 
the only practical option. 

All the above measures, however, try to mitigate 
people-wildlife conflicts after the stage is set for them. 
Some of these methods are unacceptable, particularly 
inside protected areas that provide the last refuges 
for wildlife. Under such circumstances, proactively 
preventing outbreaks of conflicts between people 
and wildlife through voluntary relocation of human 
settlements away from the conflict zone can often be an 
attractive win-win solution. 
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Chapter 7 


ENERGY, MATERIAL, 
INFORMATION FLOWS 


7.1 Changing Global Patterns of Energy 
and Water Consumption—from Ancient 
to Modern Times 


The history of human use of resources is one of 
sequential exhaustion, followed by innovation. By 
sequential exhaustive use is meant first using resources 
available more easily, or requiring less inputs of energy 
or technology and after they are depleted taking up use of 
resources that are available less easily, or require greater 
inputs of energy or technology. Necessity, it is said is 
the mother of invention and the compulsions posed by 
resource scarcities have led to innovations. 

The universal source of energy for people and their 
animal ancestors is calories in their food. Our ancestral 
species too initially consumed uncooked food. This 
cannot include the highly abundant grass seeds that are 
indigestible for humans unless cooked. When our African 
ancestors discovered the use of fire some 3 lakh years ago, 
they added a major source of energy, the grass seeds, to 
their repertoire. This fire was primarily wood fire. For the 
whole range of activities people used their own muscle 
power till they domesticated first cattle and then horse 
beginning around 12000 years ago, first in the “fertile 
crescent” in the middle east, and then slowly all over. 
The use of animal muscle power allowed them to move 
over greater distances, as also to intensify agricultural 
operations. As wood was exhausted, especially in colder 
regions such as Britain, people switched to coal. This 
also seems to have happened where coal was abundantly 


available near surface in areas of high population 
densities in Magadhan empire around 2000 years ago. As 
coal too became scarcer and energy demands escalated 
following the industrial revolution, petroleum came into 
use. There has been a gradual use of petroleum from 
deeper and deeper deposits, first on land, and later under 
sea. Innovation is also now permitting use of less dense 
energy sources such as shale. 

A few centuries ago, people began to tap water power 
by use of water mills. Such water mills were used, for 
instance, to grind grain in Garhwal region of Himalayas. 
Following the industrial revolution in England water mills 
were used to run textile factories and other industrial 
operations as well. Water then came to be used for 
generation of hydro-electric power on a large scale in the 
last century. The last century also saw development of 
newer energy sources such as nuclear energy. 

Wind and solar energy are ancient sources of energy, 
but are being intensively investigated now. 

Demands for water too have gradually escalated 
over historic times from water for drinking, cooking and 
bathing to manifold uses. With beginning of agriculture 
water became crucial for crop production. For the first few 
thousand years agriculture remained entirely dependent 
on rainfall. But gradually people began to canalise water 
from streams to fields, for instance, such canals have been 
found in 3500 years old archaeological sites in South India. 
About the same time people of Mohenjodaro-Harappan 
civilisation had begun to tap ground water by digging wells. 
Over centuries as demands for water have escalated for 
a variety of other uses such as industrial manufacture, 
air-conditioning and recreation, people have taken to 
building larger and larger reservoirs and digging deeper 
and deeper wells. In places like Kuwait desalination of sea 
water on a large scale has been initiated to meet a whole 
range of demands for water. Finally, water has become an 
important source of sink for waste products, ranging from 
sewage to industrial effluents. 


7.2 Energy and Water Consumption and 
Quality of Life 


Water: Water is the most common yet most precious 
resource on earth without which there would be no life 
on earth. The quality of life and health of the human 
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society depends on the 
access to quality water and 
the availability of water. 


Sources of Water: The 
major sources of water in 
India are rainfall, ground | 
water and surface water 
(rivers, lakes, etc.). With an 
average annual rainfall of 
1170mm, India is one of the wettest countries. India’s 
ground water resources are almost ten times its annual 
rainfall. According to the Central Ground water Board, 
India has an annual exploitable ground water potential 
of 26.5 million hectare-meters. Nearly 85 per cent of 
currently exploited ground water is used for irrigation. 
Ground water accounts for as much as 70-80 per cent 
of the value of farm produce attributable to irrigation. 
There are 14 major, 44 medium and 55 minor river 
basins in India. Water consumption in India is estimated 
to be 470 cubic meters per person per year. 

The share of different sectors in total amount of water 
consumed (605 billion cubic meter) in India is given in 
figure 7.2a. 


83% 
Irrigation 


Fig. 7.2a: Water consumption by different sectors in India 


Environmental implications of water consumption: 
A rapidly growing population, economy, and non- 
sustainable water management is leading to ground 
water depletion, silting of water bodies, excessive runoff 
and water pollution. India is already facing severe water 
stress as depicted in figure 7.2b, which shows depleting 
water availability with increase in human population. 
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Fig. 7.2b: Growth in population and 
per capita water availability 


Per capita water availability 


Energy 


Energy is fundamental to all production processes on 
earth, from cooking food to photosynthesis in plants to 
agricultural and industrial production. Energy is the 
prime mover of economic growth and human development. 
It encompasses all sectors of the economy and every 
section of society. There is a direct correlation between 
economic growth expressed as gross domestic product 
(GDP) and energy consumption. The main sources of 
energy are solar, wind, biomass (fuelwood, crop residue 
and cattle dung), hydroelectricity, coal, petroleum oil, 
natural gas and nuclear. 

Energy consumption in India is estimated to be 
479 kg of oil equivalence, where all sources of energy 
are converted to petroleum oil. However, the energy 
consumption in United Sates of America and Japan is 
estimated to be 8078 and 4084 kg of oil equivalence 
respectively, an indicator of economic development. 

Energy is consumed for all activities in all sectors 
and the share of different sectors of India is given in 
figure 7.2c. 

Environmental implications of energy use: India 
is already facing severe energy shortages. There is 
a shortage of fuelwood for cooking, electricity for 
pumping water and for industries and petroleum fuels 
for transportation. The current pattern of consumption 
of coal, petroleum and natural gas is leading to local 
air pollution, waste generation, and greenhouse gas 
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Fig. 7.2c: Consumption of commercial 
energy by different sectors in India. 


emissions leading to global warming. Increase in the 
efficiency of energy use and shift to renewable sources 
of energy will reduce these adverse environmental 
implications. 


7.3 Rising Demand for Energy and Water— 
Gap between Demand and Supply 
(Indian Context) 


The demand for energy and water is continuously 
increasing due to rise in population, economic growth, 
industrialisation and urbanisation without any matching 
increase in supply leading to severe shortages. This 
high increase in demand has also resulted in serious 
environmental degradation. 


Rising Demand for Energy 


The demand for energy in India is growing at a rate of 
about 5 per cent annually. Assuming an annual economic 
growth rate of 8 per cent expressed in terms of gross 
domestic products (GDP), the demand for total primary 
energy (including coal, natural gas, petroleum oil and 
nuclear) is projected to increase from 381 million tonne 
of oil equivalent in 2006-07 to 1833 million tonne of oil 
equivalent by 2031-32 (by nearly 5 times). The projected 
increase in demand for energy from different sources is 
given in figure 7.3a. 
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Fig. 7.3a: Projected energy demand (in million 
tonnes of oil equivalence) up to 2031-32, assuming 
8% Gross Domestic Product growth rate 


Demand and Supply Gap 

India is experiencing severe shortages in the supply 
of electricity, petroleum fuels, and even fuelwood (for 
cooking). 

Electricity: The demand for electricity is expected to grow 
at about 4.8 per cent whereas the increase in supply is 
not keeping this pace, adversely affecting agricultural 
and industrial production. 

Petroleum fuels: India is importing currently 70 per cent 
of its petroleum fuel requirements and with an expected 
future growth in demand 4.5 per cent, the dependence 
on uncertain supplies and growing price of oil will lead 
to shortages and rise in cost of transportation of fuels. 
Fuelwood: In rural India, majority of the households 
are expected to continue to depend on fuelwood sources 
due to the absence of access to other quality fuels such 
as LPG and kerosene. 

Environmental Implications of Growing Demand 
for Energy 

Increasing demand for fossil fuels will lead to the 
following environmental implications: 

e Land degradation due to coal mining activities. 

e Waste generation due to coal mining and power 
generation processes (fly ash and mining 
wastes). 

e Emission of pollutants (nitrous oxide and sulphur 
dioxide, suspended particulate matter) from 
combustion of fossil fuels in power generation, 
industrial processes and transportation. 
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e Emission of greenhouse gases such as carbon 
dioxide, methane and nitrous oxide leading to 
global warming and climate change. 

e Shortages and rising prices of fossil fuels 
accompanied by global concern about climate 
change may lead to positive implications for 
environment by shifting to renewable source of 
energy. 


Water: Demand-Supply Gap 


The demand for water is directly related to increase in 
population and economic growth. With the population 
growth projected to cross 1200 million in the next 30 
years and economic growth likely at over 7-8 per cent, 
the projected demand for water is expected to rise very 
high. 

Environmental Implications of Supply and Demand Gap 
Demand for water for domestic, agricultural and industrial 
uses is increasing and on the other hand the sustainable 
sources of water are getting degraded, for example decline 
in ground water levels in all parts of India. Both ground 
and surface water sources are getting contaminated 
with biological and chemical contaminants. Figure 7.3b 
shows the major sources of contamination due to natural 
(geogenic) and human (anthropogenic) activities. 


Quality 


deterioration 


Domestic Agricultural Industrial Geogenic 
pollution pollution pollution contamination 


Disposal of 
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materials etc. 
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on land 


Fig. 7.3b: Major sources of contamination of water due to 
natural (geogenic) and human (anthropogenic) activities 
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Increasing demand for water coupled with loss of 
ground water may also lead to demand for enhanced 
surface water storage bodies such as artificial reservoirs, 
dams and irrigation tanks, all leading to submergence of 
forests, settlements and other lands, with socio-economic 
and environmental consequences. 


7.4 Conventional and Non-conventional 
Energy Sources—Potential and 
Limitations of each Source, Methods 
of Harnessing and Environmental 
Consequences of _ their Use 
with Special Reference to Indian 
Context 


Worldwide there is a range of energy resources available 
to humans. These energy resources fall into two 
main categories, often called conventional and non- 
conventional energy resources. Each of these resources 
can be used to generate electricity or produce heat. The 
different sources of energy belonging to conventional 
and non-conventional categories are: 

Conventional: Petroleum, Natural Gas, Coal and 
Nuclear. 

Non-conventional: Solar, Hydroelectric, Wind, 
Tidal, Hydrogen, Geothermal, Wood energy and Bio- 
fuels. 


Conventional Energy 


Power or energy provided by traditional sources such 
as coal, natural gas and petroleum oil is referred to as 
conventional energy and these sources are also generally 
considered as non-renewable. Conventional sources of 
energy are extracted from the ground as liquid fuels 
(petroleum oil), gases (natural gas) and solid fuels (coal). 
Coal, petroleum and natural gas are all considered fossil 
fuels, since they are formed from the buried remains of 
plants and animal biomass that existed millions of years 
ago. Uranium ore, a solid, is mined and converted to a 
fuel. Uranium is not a fossil fuel. These energy sources 
are considered non-renewable because they cannot be 
replenished. The total potential conventional energy 
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and hydropower resource and the current consumption 
level for India are given in table 7.4a. 

Environmental implications of conventional energy 
sources: Environmental implications of extraction, 
processing, transportation and use of conventional 
energy sources lead largely to environmental 
degradation such as - degradation of land and water 
resources, generation of wastes (such as fly ash), air 
pollution, greenhouse gas emissions, etc. 


Non- conventional Energy Sources 


Energy sources that are renewable and ecologically 
safe, such as solar, wind, biomass, small-scale hydro 
and tidal energy are referred to as non-conventional 


Energy Total Resources Consumption in 
Sources 2006 


Coal and Lignite | 256 billion tons 518 million tons 
Petroleum oil 733 million tons 134 million tons 


Natural Gas 750 billion cubic 47 billion cubic 


meters meters 
Hydropower 600 TWh 148 TWh 
(Trillion Watt Hours) 


Table 7.4a: Energy resources and 
consumption levels in India 


energy resources. The non-conventional energy sources 
are often called renewable energy sources. Renewable 
energy effectively uses natural resources such as 
sunlight, wind, rain, tides and geothermal heat, which 
are naturally replenish. The potential of different non- 
conventional energy sources and their levels of use in 
India are given in the table 7.4b. 

Environmental implications of non-conventional 
energy: Shift to non-conventional sources will lead to 
the following potential environmental benefits. 

e Reduction in the emission of pollutants such as 

SO,, CO, and suspended matter. 

e Reduction in emission of greenhouse gases. 

e Reclamation of degraded lands due to sustainable 

biomass plantations. 

The share of conventional and non-conventional 
(renewable) energy sources globally is given in figure 7.4a. 
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Fig 7.4a: Global share of conventional and 
non-conventional energy sources 


Sources and Potential Levels of use 
units (2005) 


Wind power (MW) 45,000 


Small hydropower 15,000 
(up to 25 MW) MW 


Biomass power 19,500 
(MW) 


Solar Photovoltaics 
(MW/km?) 


Solar water heating 
(million m? collector 
area) 


Waste-to-energy (MW) 1,700 


Biogas plants (millions) 


Improved biomass 2 
cook-stoves (millions) 


© 


12 
(0) 


Table 7.4b: The potential and levels of use of non- 
conventional or renewable energy sources 
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7.5 Energy Conservation — Efficiency 
in Production, Transportation and 
Utilisation of Energy 


It is common to observe even today people expressing 
confusion over the terms “Energy Conservation” and 
“Energy Efficiency”. Energy conservation means taking 
initiatives and adopting practices that reduce the amount 
of energy used to perform desirable activities and on 
the other hand energy efficiency means using improved 
technology to decrease energy demand. In other words, 
energy conservation usually means being more careful in 
the way we use energy whereas energy efficiency means 
using advanced technologies to get better services out of 
a given level of energy input. To put it in simple terms, 
energy efficiency is the technological solution to achieve 
energy conservation. 

Technically, energy efficiency is the amount of useful 
energy extracted from a system divided by the total 
energy put into a system. It may also be thought of as 
the efficiency with which we are capable of utilising an 
energy resource. In simple terms it is the level of energy 
service derived from a given level of energy input. Let us 
take the example of a car. In order to run our car, the 
chemical potential energy present in petrol (or gasoline) 
must first be converted into thermal energy (or heat 
energy) by igniting the fuel in an internal combustion 
engine. The thermal energy is then converted into 
mechanical energy to make the car run. It has been 
estimated that this three-step process has an overall 
maximum efficiency of about 30 per cent. This means 
that 70 per cent of the energy initially stored in the 
gasoline was lost as waste heat, mostly in the form of 
thermal vibrations to the surrounding environment. 
This illustrates the importance of learning about energy 
efficiency and trying to find better ways to judiciously 
use the energy resources available to us. 

From the above discussion, efficiency of an energy 
using process can be defined as: 

useful energy output 


energy input 
This can be further illustrated with the example of 
heating water by a firewood burning stove. 
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Let, 
E, = energy input (calorific value of firewood) 

E, = useful energy output (heat absorbed by water) 

E, = heat losses (conductive, convective and 

radiant) 

Then, the energy balance is given by 

c= = = 1- Œ /Ep 

From the above example it is clear that energy is 
wasted (heat is lost) while it is being used in a device 
to derive some service (hot water). Such wastages are 
not just limited to energy utilisation (or usage); it can 
happen while producing an energy carrier (e.g., electricity 
production from coal) and while transporting the energy 
carrier (carrying electricity through transmission and 
distribution lines). It is a multi-step process to transform 
energy resources (as available in nature) to a form in 
which it can be actually used by the people. At every step 
of this transformation, energy is lost to the environment 
in different forms (as heat, light, sound, vibrations, 
etc.). This results in energy output being significantly 
less than the energy input at every step. Thus the overall 
energy efficiency or overall energy conservation potential 
of an energy system depends on “efficiency of energy 
production”, “efficiency of energy transportation” and 
“efficiency of energy utilisation”. The product of these 
individual efficiencies gives us the overall efficiency. 

Let us illustrate this with an example. If we take 
the full cycle of electricity production from coal thermal 
power plants using coal and transportation of electricity 
through transmission and distribution (T&D) lines and 
finally utilisation of this electricity in an incandescent 
bulb (IB). In India, most of the coal thermal power plants 
operate at an efficiency level of 30 per cent. That means, 
out of 1 kg only 0.3 kg of coal is converted into electricity. 
The T&D system efficiency in India is at 75 per cent 
indicating that 1 kWh of electricity fed into the system 
becomes 0.75 kWh when it reaches the consumer. The 
efficiency of IB is 10 per cent and this means only 0.1 
kWh of electricity is actually converted into light from 1 
kWh of electricity supplied to the bulb. This is equivalent 
of a 100 Watt incandescent bulb providing lighting for 10 
hours. From this information, the overall efficiency can 
be easily calculated as follows: 


Overall efficiency = 
30% x 75%x 10% =0.30 x 0.75 0.10 =0.0225 =2.25% 
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In other words, we would be wasting 97.75 per cent 
of the energy in this process. This means you need about 
44 kg of coal to provide 1 kg equivalent of lighting using 
an IB. On the other hand, if we use fluorescent tubes 
(or tube lights) with an efficiency level of 20 per cent, we 
need only about 22 kg of coal to get 1 kg equivalent of 
lighting. Still better option is compact fluorescent lamp 
with an efficiency of 30 per cent where it needs only 15 
kg of coal to get 1 kg equivalent of lighting. 

The above example clearly establishes the fact that the 
energy savings from energy efficiency improvement are 
substantial. The benefits derived out of these savings are 
multi-pronged: it saves money, reduces environmental 
damages and preserves precious natural resources. 


7.6 Planning and Management of 
Energy; Future Sources of Energy— 
Hydrogen, Alcohol, Fuel Cells 


Hydrogen 


Biological hydrogen production is the most challenging 
area of biotechnology with respect to environmental 
problems. Hydrogen gas is seen as a future energy 
carrier by virtue of the fact that it is renewable, does 
not evolve the “greenhouse gas” CO, in combustion, 
liberates large amounts of energy per unit weight 
(122 kg/g) on combustion, and is easily converted to 
electricity by fuel cells. Biological hydrogen production 
has several advantages over H, production by photo 
electrochemical or thermochemical processes. H, is 
commercially produced via chemical and electrochemical 
routes. Conventional method includes production from 
fossil fuel and biomass: steam reforming of natural gas, 
partial oxidation of heavy oils, and coal gasification, 
from water by thermal and thermochemical methods 
and also from water (electrolysis and photolysis). These 
technologies of H, production from fossil and non fossil 
fuels need high energy input. The present fossil fuel- 
based industrial processes are not sustainable in the long 
term, and are already causing intractable environmental 
problems. At present, H, is seen as an expensive option, 
because it is costly to produce in large quantities at the 
industrial level, and because fuel cells rely on scarce 
metals such as platinum. H, and electricity could team 
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to provide attractive options in transportation and power 
generation. A challenging problem in establishing H, as 
a source of energy for the future is the renewable and 
environmental friendly generation of large quantities of 
H, gas. It has the potential to reshape the entire energy 
industry. If all vehicles were run on hydrogen fuel cells, 
it would be a huge step towards solving air pollution and 
human health problem. 

The need for development of cost effective technologies 
have forced us to look for newer processes such as 
biological H, production. Molecular hydrogen is widely used 
by micro-organisms as a source of energy. However, under 
certain conditions microbes produce H, by fermentation 
of different substrates. The conversion of sugars and 
carbohydrates to H, is achieved by a multienzyme system 
such as hydrogenases. In bacteria, glucose is converted 
to 2 moles of pyruvate and 2 moles of NADH formed 
by Embden-Meyerhof Pathway. The pyruvate is then 
oxidised through a pyruvate ferredoxin oxidoreductase 
and hydrogenase. As a result, 4 moles of H, can be 
produced from 1 mole of glucose under ideal conditions. 
H, production from simple molecules like glucose, xylose, 
maltose and lactose is observed in Bacilllus, Clostridium 
and Escherichia sp. and several anaerobes. In addition 
to simple sugars and carbohydrates, fermentation of 
raw starch of corn, potato, cassava peel, etc., has also 
resulted in H, generation. A comparison of various 
methods of H, production has revealed dark fermentative 
route to be the most effective: certain organic wastes 
like damaged wheat grains, pea-shells and apple waste 
can be fermented to H, with mixed and pure microbial 
isolates such as Bacillus licheniformis and B. subtilis. It 
is a relatively new technology and untested on a large 
scale. Since the process has a large untapped potential, 
it is worth it to look for new hydrogen-producers, 
which have the good abilities to utilise wastes as well. 
Energy generation is linked to waste stabilisation 
and management. The future of biological hydrogen 
production depends not only on research advances, 
i.e., improvement in efficiency through genetically 
engineering micro organisms and/or the development 
of bioreactors, but also on economic considerations 
(the cost of fossil fuels), social acceptance, and the 
development of H, energy systems. 
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Biofuels 


With rapid economic development, global consumption 
of oil has increased tremendously and so have oil prices 
soared in accompaniment. Increase in worldwide energy 
consumption from 2001 to 2025 is projected to be by 
54%. Hike in price coupled with increasing awareness 
on climate change has brought in growing concern over 
increasing consumption of fossil fuels and also to look 
for clean, safe, sustainable alternative to petroleum. 
Biofuel provides a readymade solution to this problem. 
It is highly preferable as it is environment friendly and 
reduces energy threat. In simple terms, this is the 
conversion of the energy trapped from the sun through 
photosynthesis by plants for human use. 

Liquid biofuels are derived from biomass, the oldest 
source of renewable energy if properly managed. Alcohol 
fuels (ethanol and methanol) and vegetable oils (sunflower, 
sesame, linseed, etc.) are the two main categories of 
biofuels. Ethanol obtained from starch/sugar/cellulose 
containing crops is the most widely used biofuel today. It 
can be used in its pure form or blended with gasoline. In 
US, approximately 1.5 billion gallons of ethanol is added 
to gasoline every year. Biodiesel, a renewable substitute 
of diesel can be prepared by chemically combining any 
natural oil or fat with an alcohol. It is being used as a 
fuel additive in 20 per cent blends with petroleum diesel 
in compression ignition engines. 

Adoption of biofuels reduces the use of fossil fuels 
thereby reducing greenhouse gas (GHG) emissions 
and improving air quality. They replace toxic parts of 
gasoline with components that biodegrade easily in the 
environment. Therefore biofuel spills do not contaminate 
soil/water and much of the wastes is recyclable, and hence 
are not environmental hazard. It also reduces the ever 
growing threat of dependence on petroleum thus providing 
energy security and strengthening economy as it help 
ease dependence on foreign oil imports. Beside these, the 
effort has socio-economic impacts as it creates domestic 
jobs in plant construction, operation, maintenance and 
support in the surrounding communities. 

The Brazilian alcohol programme was the first 
successful large scale programme in the world. It 
resulted in rural development, diversification of energy 
sources, lower dependence on oil imports, reduction in 
local pollutants from vehicle exhaust, and net reduction 
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in GHG emission. It was implemented in 1975 to replace 
price soaring imported oils. The fuel (sugarcane 
ethanol) is sold virtually in all petrol pumps in the 
country. This seems inevitable, as engines that 
strictly run on gasoline are no longer available in 
the country. The Brazilian bioethanol programme is 
based entirely on sugarcane, as the country is world’s 
largest sugarcane producer. As for China, more than 
30 per cent ethanol is produced from grains such as 
corn, cassava and rice; about 10 per cent from sugar; 
6 per cent from paper pulp residue and the rest from 
ethylene via synthetic process. 

In Europe and US, as well in several developing 
countries there is a move towards cultivation of 
energy crops for production of biomass as a fuel. As 
fossil fuels become scarce and expensive with their 
carbon emission level being of great environmental 
concern, there is huge potential for biomass in energy 
production. In addition, bioethanol is a renewable 
source and its combustion adds no net CO, in 
the atmosphere thereby reducing threat of global 
warming. Biofuels and food crops may in the long 
run compete for land. However, this debate of food vs. 
fuel can be addressed by efficiency improvement like 
better land and water uses, agriculture management, 
industrial production, adequate social policies for job 
reallocation and international trading. 

At the home front, the Government of India (Gol) 
constituted the Committee on the Development of 
Biofuels (CDB) within the planning commission in 
July 2002 (CBD 2003). The committee recommended 
adoption of biofuel programme in the country based 
on ethanol produced from sugarcane (molasses) as a 
substitute to petrol (gasoline) and bio-diesel produced 
from the oil bearing seed of jatropha as a substitute to 
High Speed Diesel (HSD). In view of this, the Gol has 
recognised biofuels as a major player in the nation’s 
energy scenario. 

It is clearly visible that the biofuel mission is gaining 
momentum across the globe for obvious reasons. 
A cross section of both developing and developed 
countries are investing on technology improvement for 
biofuel production which clearly indicates the future 
status of biofuel. 
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7.7 Enhancing Efficiency of Devices and 
Optimising Energy Utilisation 


Saving energy is a cheaper and environmentally friendly 
option to increased energy production to meet the growing 
energy demand. Efforts to enhance energy efficiency 
contribute greatly in lowering the energy intensity of 
developing countries like India thus strengthening the 
national energy security. Increased energy efficiency 
reduces stress on energy production and transport 
infrastructure and contributes to a healthier environment 
through decreased emission of greenhouse gases and 
other pollutants. 

According to the thermodynamic definition, energy 
gets transformed from one form into another form. A 
device is used to facilitate such a transformation process. 
For example, an energy end-use device converts the input 
energy into useful energy as desired by the consumers. 
To further elaborate on this, consider the example of an 
incandescent bulb (an end-use device), which transforms 
electrical energy into light energy. From an efficiency 
perspective, the relevant issue here is to find out how 
much of electricity actually gets transformed into light 
energy. This determines the efficiency level of the device 
and improvement or enhancement of efficiency of devices 
is possible when quantity of input energy required can be 
reduced without affecting level of useful energy (e.g., same 
level of lighting with reduced quantity of electricity). 

Following figures 7.7a and 7.7b (Keulenaer, HD, 
Belmans, R, Blaustein, E, Chapman, D, Almeida, AD, 
Waehter, BD, Radgen, P, “Energy Efficient Motor Driven 
Systems”, European Copper Institute, Brussels, Belgium; 
http: //re.jrc.ec.europa.eu/energyefficiency /pdf/HEM_ 
lo_all%2Ofinal.pdf ) clearly establishes the fact that how 
same level of energy service can be obtained with reduced 
input of energy, through efficiency improvement. The 
figures show two types of water pumping systems, the 
first one a conventional pumping system with a total 
efficiency of 31 per cent and the second one an energy 
efficient pumping system with a total efficiency of 72 per 
cent. Both the pumping systems give a useful output 
power of 31 kW each. However to deliver this level of 
output, the conventional pumping system needs an 
input power of 100 kW whereas the efficient pumping 
system needs only 43 kW. This results in a saving of 
57 kW of input power. We may observe from the figures 
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that this level of savings in energy input is made possible 
only through enhancement of efficiencies of individual 
devices in the pumping systems. For example, the motor 
used in the conventional system is a standard one with 
an efficiency level of 90 per cent whereas high efficiency 
motor with an efficiency level of 95 per cent is used in 
the energy-efficient pumping system. 

It is said that nearly all energy using devices and 
systems are less energy efficient when compared with 
their theoretical maximum efficiency. There is always 
potential for improvement. Thus, few things are truly 
“energy efficient” and it is a relative term. A device or 
system can only be more or less energy efficient than 
the available alternative devices at a given time and 
in a given situation. Thus, the technical potential of 
energy efficiency can be defined as the achievable 
savings resulting from the maximum energy efficiency 
improvement available at a given time. 

There are many ways of enhancing efficiency of end- 
use devices. Typically, technical improvements are made 
depending on the requirements in order to enhance 
efficiency levels. The possible ways of improving energy 
efficiency of devices can be broadly classified as follows. 

e Those that are applicable only to new devices, 
that is, when replacing the old device with a more 
efficient new one. 

e Those that are due to retrofitting of an existing 
device with new part. Example could be replacing 
worn out parts with better quality new parts. 

e Those that are due to modifications and 
refinements that are carried out during minor or 
routine maintenance. 


THROTTLE 
COUPLING Efficiency=66% 
Efficiency=98% 
STANDARD MOTOR y PIPE 
Efficiency=90% Vip pe 


INPUT POWER 100 € OUTPUT POWER 31 


PUMP 
Efficiency=77% 


Fig. 7.7a: Conventional pumping 
system (total efficiency = 31%) 
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VARIABLE SPEED DRIVE 


Efficiency=96% COUPLING 
Efficiency=96% 


HIGH EFFICIENCY MOTOR LOW-FRICTION PIPE 
Efficiency=96% 


Efficiency=95% 
“ 
INPUT POWER 43 > OUTPUT POWER 31 


MORE EFFICIENT PUMP 
Efficiency=96% 


60% OF OUTPUT RATED FLOW 


Fig. 7.7b: Energy-efficient pumping system combining 
efficient technologies (total efficiency = 72 per cent) 


e Those that are because of replacement or addition 
of new parts that can be conveniently added when 
making major renovations or expansions. 

It is not just enough to improve energy efficiency 
without bothering about the purpose of the energy use. It 
is equally important to be knowledgeable about what end- 
use services are being obtained using the energy carriers. 
Thus, a perfect match between quality of energy carrier 
and quality of energy service is a desirable outcome. Some 
of the mismatches that typically happen are: 

e Using high quality electrical energy for obtaining 
low quality service of heating water for bathing 
purpose. 

e Using the air conditioner for cooling the room 
where the requirement is comfort of the person 
occupying the room. 

Expensive petrol being used for moving the car where 
the requirement is mobility of the person. Measuring 
efficiency in terms of fuel consumption per kilometer per 
person may be more relevant than fuel consumption per 
kilometer, which is normally used. 

These examples clearly show that it is not only the 
efficiency of energy use which is important, it is equally 
important to ensure its optimal utilisation. To ensure 
optimal utilisation of energy, it is essential to focus on 
the efficiency enhancement of overall system through 
installing efficient devices, matching the qualities 
of energy input and service output and ensuring 
effectiveness of processes occurring at both the upstream 
and downstream of end-use devices. Following are some 
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of the issues which need to be taken care of in order to 
ensure optimal use of energy: 


e Distribution losses downstream of end-use 
devices like an energy efficient furnace feeding 
leaky ducts yielding expensive delivered comfort. 

e Undesired or useless services, such as leaving 
a device on all the time even when it serves no 
useful purpose. 

e Misused services, such as space-conditioning 
rooms that are open to the outdoors. 

e Conflicting services, such as heating and cooling 
the same room simultaneously. These are 
wasteful even if they are provided efficiently. 

e Misplaced efficiency, such as using a device, 
however efficient, to a task that does not need 
it - say, cooling with a mechanical chiller when 
groundwater or ambient conditions can more 
cheaply do the same thing. 


7.8 Modern Information Communication 
Technology Revolution and 
Environment 


The Environment sector has been a significant beneficiary 
of the Information and Communication Technology 
(ICT) revolution. The availability of powerful computers 
at affordable prices, advances in space technology, 
the emergence of the Internet and the availability of 
innovative software have all contributed to strengthen 
monitoring, management and conservation of the 
environment. Some key technologies are discussed here. 


Satellite Remote Sensing 


Data available from remote sensing satellites has 
revolutionised environmental monitoring. Satellite 
data collected using sensing devices on board earth 
observation satellites like the Indian Remote Sensing 
Satellite (IRS) is communicated down to earth stations. 
The orbital arrangement of satellites is such that the 
same area of earth is repeatedly imaged at set time 
intervals (like 24 days for the IRS P6 Satellite) permitting 
detection of changes in ground conditions. Users in India 
can order satellite data from the National Remote Sensing 
Agency (NRSA), Hyderabad providing location details 
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of the area of interest. The 
satellite imagery of the 
area is sent to the user 
on CD and the user can 
analyse the data to extract 
environmental information 


4 2 
ae 


using image processing Fig. 7.8a: IRS Satellite 
software (Fig. 7.8a). Satellite imagery of Bhopal 
data is being used to showing Bhopal lake with 
monitor deforestation, ozone sediment load. Areas in 
hole, status of air and water red are vegetation. 


pollution, manage solid 

waste, locate and track forest fires, determine sea surface 
temperatures and monitor effects of climate change just to 
name a few. 


GPS 


The Global Positioning System or GPS 
is a constellation of 24 satellites that 
helps users determine their position 
on the surface of earth in terms of 
latitude and longitude using a GPS 
receiver (Fig. 7.8b). This informationis 
invaluable for environmental studies 
in accurately mapping and navigating 
to areas of interest on the ground 
such as sample plots, animal nesting 
sites, vulnerable habitats, pollution 
discharge locations and areas facing 
environmental calamities. GPS is 
also playing an important role in 
helping environmental scientists 
study migration using GPS tracking 
devices implanted on the animals 
(Fig. 7.8c) which are then tracked on 
a computer (Fig. 7.8d ). 


Fig.7.8b: Hand 
held GPS Receiver 


and GPS Image 


Fig.7.8c: Elephant 
GIS with GPS Collar 


Geographic Information 
Systems or GIS are 
computer systems that 
permit maps to be overlaid 
one on top of the other 
creating a very powerful 


a 


Fig.7.8d: GPS Image 
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analysis and decision support tool for environmental 
planning, monitoring and management (Fig. 7.8e). 
Each map in the stack can be thought as drawn on a 
transparent polythene sheet such that when two or more 
maps are overlaid one on top of the other, information on 
each one of them can be interpreted together. A GIS can 
integrate environmental data from multiple sources like 
paper maps, GPS, Remote Sensing data and field data. 
GIS is being extensively used in areas such as assessing 
environmental impacts of development projects 
(highways, dams, industries), wildlife studies, water 
conservation, biodiversity assessments, deforestation 
mapping, pollution mapping, monitoring of oil spills, 
management of hazardous wastes, climate change 
studies, managing epidemics, disaster management 
planning and monitoring relief work in areas affected by 
environmental disasters. 


A . Mining Area Mining Area Map 


s- Rivers 
Relief i 
Forest -= AE f Mining 
Village “open } Dense | on Forest 
ag Forest Map 


Fig. 7.8e: Stack of Maps in GIS and Map Overlay 


The Internet 


The Internet is playing a major role in spreading 
environmental awareness and dissemination of 
environmental information. The Internet has also 
been instrumental in catalysing global environmental 
initiatives by creating virtual communities of 
environmental scientists through collaborative 
networking tools. Initiatives such as monitoring global 
climate change could not have been possible without 
the Internet. Climate forecast models, that require 
supercomputers to make sense of huge volumes of 
climate data, are using donated computer processing time 
from ordinary internet users through an internet based 
concept called distributed computing. Data processing 
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capacity matching supercomputers to run climate 
prediction models is being created by asking internet 
users to permit the use of their internet connected 
computers for this purpose when they are not using 
them (See Things to do box). The Global Biodiversity 
Information Facility or GBIF which provides information 
on species is another example of internet based global 
co-operation (See Things to do box). Initiatives such as 
Google Earth which provide free access to high resolution 
satellite imagery of any part of the earth have encouraged 
the civil society to step up independent mechanisms of 
vigilance on environmental issues. Internet blogs have 
redefined environmental reporting empowering common 
citizens to share their environmental concerns with a 
global audience on the internet. 


Instrumentation 


Most instruments used to collect environmental data, 
which were earlier operated manually, have undergone 
a generational upgrade due to automation resulting 
from embedded computer systems. As a result, it is now 
possible to have unmanned round the clock surveillance 
on pollution and weather parameters at remote or 
inhospitable locations and use that data to build early 
warning system. 


Things to do 


(Students can be encouraged to explore the 
following) 


Learn more about climate prediction 
project by visiting their website — 
http:/ /wiww.climateprediction.net Explore the 
schools link to join this experiment or access 
learning resources. 


Have you tried Google Earth? Visit the 
http://earth.google.com/ and read more about 
this amazing tool and download the software. Try 
to see the satellite image of your city. 


Try the CO, saver is a free programme that 
manages your computer’s power usage when 
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it is idle, saving energy and thereby reducing 
harmful emissions and greenhouse gases such 
as carbon dioxide (CO,) that are released into the 
atmosphere. Download and try this software from 
http://co2saver.snap.com It also shows how much 
CO, you have saved. 


Visit the European Earth Observation Web Site for 
Secondary Schools http://www.eduspace.esa.int/ 
eduspace and learn about environmental applications 
of remote sensing and Envisat — a satellite dedicated 
to monitoring our environment. See spectacular 
images of environmental phenomenon on earth. 


Visit the Global Biodiversity Information Facility 
website at http://www .gbif-org and click on the data 
link followed by countries link and choose India. 
Place the bounding rectangle on an area on the map 
of India in the part of country you live in and keep 
zooming in by clicking on coloured squares to view 
species data in that area. 
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UNIT 


Exemplar 


I4 Projects 


Environmental awareness is best acquired by reading 
the book of nature, through live contact with the 
world around us. Science has developed an effective 
methodology for deciphering this book, for asking ever 
more meaningful questions, for acquiring deeper and 
deeper understanding of nature. What constitutes such 
scientific activity? Moore (1993) provides a succinct 
description: 


I; 


A science must be based on data collected in the 
field or laboratory by observation or experiment, 
without invoking supernatural factors. 

Data must be collected to answer questions, and 
observations must be made to strengthen or 
refute conjectures. 

Objective methods must be employed in order to 
minimise any possible bias. 

Hypotheses must be consistent with the 
observations and be compatible with the general 
conceptual framework. 

All hypotheses must be tested, and, if possible, 
competing hypotheses must be developed, and 
their degree of validity (problem-solving capacity) 
must be compared. 

Generalisations must be universally valid within 
the domain of the particular science. Unique 
events must be explicable without invoking 
supernatural factors. 

In order to eliminate the possibility of an error, 
a fact or discovery must be fully accepted only if 
(repeatedly) confirmed by other investigators. 


8. Science is characterised by the steady 
improvement of scientific theories, by the 
replacement of faulty or incomplete theories, 
and by the solution of previously puzzling 
problems. 

Thus at the core of all scientific activity is the 
“hypothetico-deductive” method. Science progresses 
by setting up testable hypotheses. In other words, 
every scientific hypothesis must be accompanied by 
a statement of how to make observations that would 
lead to either its acceptance or rejection. If accepted, it 
strengthens our belief in the validity of the underlying 
model of the working of the world on which the hypothesis 
is based. If rejected, it suggests that we must make 
some appropriate changes in the underlying model. In 
either case, of acceptance, or rejection, we can come up 
with further, newer hypotheses to be tested. It is this 
cycle of generating testable hypotheses on the basis of 
our understanding of how nature works, of adding to 
this understanding as any hypothesis is either accepted 
or rejected, and then coming up with further testable 
hypotheses, which is at the heart of science. It is science’s 
insistence that 

(a) all hypotheses must be testable, 

(b) that the tests should be performed with due care, 

(c) that the results of the test feed back into deepening 
our understanding of underlying processes, and 

(d) help generate further testable hypotheses, that is 
responsible for the remarkable success of science 
in augmenting the stock of human knowledge. 

Testing any scientific hypothesis requires 
observations under a variety of conditions. Such 
variation may be created through human manipulation - 
this is the experimental method, or by taking advantage 
of natural variation - this is the comparative method. 
Hypotheses dealing with simpler systems can often be 
tested experimentally. Such a simple hypothesis may 
be that a growing seedling bends towards light. The 
hypothesis can be tested by growing several seedlings 
and exposing them to light coming from different 
directions and recording how they grow. Much of 
physics, chemistry, and physiology progresses by such 
use of experimental methods. 

In the study of more complex systems, such 
as meteorology, ecology, or evolutionary biology, 
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many interesting hypotheses cannot be subjected 
to an appropriate experimental test. For instance, 
evolutionary theory suggests that the extent to which 
males and females differ from each other in size and 
appearance increases with the level of competition 
for mates. It is not readily possible to experimentally 
manipulate the parameters to test this hypothesis. 
However, there are groups of animals in which the 
males pair with one or more females. In several species 
of sparrows, for instance, a male pairs with a single 
female at a time, whereas in related weaver birds, a 
male pairs with several females during a single nesting 
season. One may then hypothesise that weaver birds 
would exhibit a greater degree of difference between 
males and females than the sparrows. This hypothesis 
may be tested by measuring incidence of bright or dull 
colouration in male and female sparrows and weaver 
birds. This is the comparative method—that of taking 
advantage of natural experiments. 

Currently, the projects undertaken in environmental 
awareness courses tend to be descriptive, for instance, 
a listing of the bird species in a locality, or recording 
the manner in which drinking water is obtained in a 
village. This systematic recording of information is, 
of course, a useful exercise. It will be our endeavour, 
however, to go beyond this and relate such information 
collection to a variety of specific hypotheses. This 
would locate the observations in the context of some 
patterns in the world that one expects to obtain 
because of the operation of some processes. Invoking 
such possible patterns or processes greatly adds to 
the interest in making the necessary observations on 
part of the students. While presenting the various 
hypotheses, it is appropriate to explain the rationale, 
or scientific understanding behind each hypothesis, 
thereby contributing to building up their disciplinary 
knowledge. Furthermore, this approach helps 
acquaint students with how science, the most effective 
method of adding to human knowledge, works. 
Hence, each project will be presented in the form of a 
testable hypothesis, accompanied by an explanation 
of the rationale, a statement of the methodology, and 
suggestions for follow up. Here we provide such a write 
up for 30 projects, followed by hypotheses relating to 
another 37 projects. 
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(1) Pet vs. Stray Dog Densities 


Hypothesis: Ratio of pet to stray dogs increases with 
density of houses. 

Rationale: Dog is the first animal domesticated by man 
and today exists over much of India in goodish numbers, 
both as pets maintained by particular households and 
as strays subsisting on garbage and other food sources 
associated with human habitation. There has been 
a programme of reducing the number of stray dogs 
through sterilisations. However no data is available on 
both stray and pet dogs and their relative numbers. One 
may hypothesise that as density of housing increases, 
the resource availability for stray dogs does not increase, 
although the proportion of households maintaining pet 
dogs remains the same so that there are relatively more 
pet dogs. 

Methodology: There are several possible approaches 
to collection of the relevant data. One may explore 
availability of such data with the Municipal Corporation, 
ideally ward by ward. The Municipal Corporation could 
also provide data on density of houses in different wards. 
It is however unlikely that much accurate data on dogs 
will be available from this source. It would therefore be 
better to undertake direct field observations or to interview 
people. Field observations on stray dogs may involve (a) 
identification of sources of food such as garbage dumps, 
followed by (b) counting of dogs at such food sources. 
Pet dog numbers may be estimated by counting on roads 
in early mornings or evenings when the dogs are taken 
out for walks, or by interviewing people from randomly 
selected households. 

Follow up: One may study the ecology of stray dogs in 
terms of their food and foraging behaviour, movement 
patterns, breeding success. One may identify ways 
of eliminating their access to food or of increasing the 
success of sterilisation drives. 


(2) Stray Dog Populations 


Hypothesis: Number of stray dogs has decreased over 
the past five years. 

Rationale: A new regime of management of stray dogs 
involving sterilisation has been instituted in the country 
over last few years. There are no quantitative studies to 
document its efficacy, although it may be expected that 
it has led to a decrease in stray dog populations. It is 
useful to begin to document the situation. 
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Methodology: Since no baseline data is available, the 
information has to be generated through interviews 
of individuals who would have no vested interest in 
reporting either increase or decrease in the number of 
stray dogs. Workers involved in handling garbage, and 
rag-pickers making a living from recycling it may be 
particularly well informed about stray dog populations. 
Autorikshaw drivers may also have good information. 
It would be best to interview such people individually, 
without asking any leading questions. Stray dogs should 
no longer be breeding if the sterilisation programme is 
successful. Therefore, questions may be asked about 
numbers of adult dogs as well as the extent of breeding 
success. The information may be compiled with reference 
to specific localities. 

Follow up: It might be useful to get information on 
various agencies involved and the programmes of 
catching, sterilisation and release of sterilised dogs. 


(3) Gender Differences in Knowledge of 
Biodiversity 


Hypothesis: Women can name more avenue tree species 
correctly than men. 

Rationale: There have been few careful studies of people’s 
knowledge of the living organisms in their environment. 
It has been suggested that women tend to have a greater 
interest in the natural world, or that younger people are 
increasingly less knowledgeable about the living world 
actually encountered by them. It would be worthwhile 
documenting the relevant facts. 

Methodology: Locate well grown avenue trees of twenty 
different species. Make sure of the correct scientific name 
as well as local names in commonly spoken languages. 
Interview 100 men and women each with similar social, 
economic, educational background, not in a group, but 
individually as to the names of as many as possible of 
the selected trees. Assign these to categories of correct 
identification, wrong identification, and do not know. 
Test the hypothesis that women can name more avenue 
tree species correctly than men. 

Follow up: Collect more information about the interviewees 
such as age, educational background, whether brought 
up in urban or rural areas, duration of stay in the locality, 
etc., and study how these relate to their knowledge. 
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(4) Educational Background and Knowledge 
of Biodiversity 


Hypothesis: Science students can name more avenue 
tree species correctly than non-science college students. 
Rationale: There have been few careful studies of people’s 
knowledge of the living organisms in their environment. 
However, a scientific education may be expected to create 
an interest in the natural world, and therefore students 
with science background may be more knowledgeable 
about trees that they see. 

Methodology: As in the project 21, on gender differences 
in knowledge of living organisms, locate well grown 
avenue trees of twenty different species. Make sure of 
the correct scientific name as well as local names in 
commonly spoken languages. Interview 100 science 
and 100 non-science students, not in a group, but 
individually as to the names of as many as possible of 
the selected trees. Assign these to categories of correct 
identification, wrong identification, and do not know. 
Test the hypothesis that science students can name 
more avenue tree species correctly than non-science 
students. 

Follow up: Undertake finer analysis, for instance, if 
biology students are more knowledgeable than physics 
students, or science teachers more than language 
teachers. 


(5) Fish/Molluscan Diversity in relation 
to Pollution 


Hypothesis: Fish/ molluscan species diversity is 
significantly higher in waters with lower levels of nutrient 
contents. 

Rationale: There are many hypotheses as to what 
governs the level of diversity of species of some given 
group of organisms such as plants, fish or reptiles in any 
locality. More productive and more stable environments 
are expected to support higher levels of diversity. 
Similarly, environments where the communities have 
evolved over long periods are also expected to support 
higher levels of diversity. Any recent drastic change 
is likely to reduce the levels of diversity because few 
species would have had a chance to evolve so as to 
adapt to these conditions. In case of many freshwater 
bodies, recent decades have witnessed a huge increase 
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in nutrient content, in particular because of discharge 
of sewage from towns and cities or of fertilisers from 
tracts of intensive agriculture. This leads to blooms of 
some algal species and conditions under which few fish/ 
molluscan species can thrive. As a result one expects 
lower levels of fish/ molluscan diversity in waters with 
high levels of nutrients. 

Methodology: Many rivers would exhibit much higher 
levels of nutrients downstream of areas of sewage 
discharge. Thus Mutha and Mula rivers will have low 
nutrient levels in stretches closer to their origin near 
crestline of Western Ghats, and much higher levels in 
stretches passing through Pune city. One may select 
several such points for comparison. Throughout its 
entire extent river fishes are caught by members of Bhoi 
community. These should be contacted and with their 
help fish caught in any particular locality documented. 
This documentation could be in terms of their local 
names and careful photography by digital camera. 
If needed specimens may also be purchased from the 
fishermen. Alternatively, molluscan species can be 
sampled on the basis of an all-out search by a certain 
number of investigators over a certain time period. 
Simultaneously water samples should be collected and 
analysed for N and P content and opacity. One may then 
plot N, P, opacity and number of fish species recorded to 
test whether the latter declines with increasing N and P 
content and opacity. 

Follow up: It would be interesting to see the extent to 
which N and P content and opacity are correlated 
amongst each other and the relative extent to which 
these variables explain the changes in fish diversity. One 
may investigate attributes of fish/ molluscan species 
that are tolerant of high levels of nutrient loading. 


(6) Decline in Bamboo Densities Over Time 


Hypothesis: Bamboo densities have declined more 
rapidly over time than densities of tree species not in 
commercial use. 

Rationale: There has been an overharvest of many tree 
species in commercial use. Hence their densities are 
likely to be reducing more rapidly. 

Methodology: In any specific locality, interview people on 
(a) tree species known to them, (b) uses of each species, and 
(c) trends in change in abundance of the various species. 
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Follow up: Undertake similar studies on fish species in 
local rivers or lakes. 


(7) School Paper Use and Economic Status 


Hypothesis: The use of paper per student in the schools 
increases with the fee charged to the students. 
Rationale: Different socio-economic classes make very 
different and variable levels of demands on resources, 
and thereby have different levels of environmental 
impacts. It is necessary to appreciate and document 
this fact. Paper use is one form of demand on resources; 
fee charged by the school is an index of the social and 
economic stratum to which the students belong. 
Methodology: This could be pursued as a collaborative 
study by students from 3-4 different schools. These may 
represent schools with very different levels of fees. The 
students may then document the amount of paper used 
by them for notebooks, books, projects etc. They may 
also monitor the wastepaper baskets in the classrooms 
and offices, reading rooms, library, and note the amount 
being thrown as waste. 

Follow up: Similar studies could be undertaken on the 
amount of water, electricity etc. being used per student 
in different schools. 


(8) Economic Status and Forest related 
Concerns 


Hypothesis: Landless labourers rank depletion of 
bamboo from forests as a matter of greater concern than 
landowning cultivators do. 

Rationale: People harbour different kinds of and different 
levels of environmental concerns, strongly related to how 
these affect the quality of their lives. Thus city dwellers 
are more likely to be concerned with traffic congestion, 
while agriculturists with depletion of ground water. 
Rural poor who depend on forest resources for their 
energy and house construction needs would have a 
greater level of concern for depletion of forest resources, 
while landowning cultivators would derive many of these 
resources from agricultural by-products. 

Methodology: Select a sample of about 100 people 
representing different socio-economic strata and 
livelihood activities. Ask them to rank amongst a set of 
environmental concerns such as (1) depletion of bamboo 
resources, (2) depletion of firewood resources, (3) depletion 
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of fodder resources, (4) lowering of underground water 
table, (5) local extinction of many wildlife species. (6) river 
water pollution, (7) traffic congestion, (8) global warming, 
and so on. The list may be prepared after a preliminary 
discussion with a cross-section of local people about the 
environmental issues that concern them. 

Follow up: Analyse the date so collected to understand 
how factors like age and gender affect environmental 
concerns. 


(9) Computers and Resource Use 


Hypothesis: Paper consumption has declined in bank 
branches following computerisation. 

Rationale: The ever escalating scale of human resource 
use is the root cause of environmental problems today. 
It is therefore, important to aim at reducing the amount 
of resources needed to obtain a given level of services. 
Computerisation and other modern Information and 
Communication Technologies are expected to make a 
major contribution in this context. It is important to 
assess whether, in fact, this is happening. 

Methodology: Study the records of bank branches where 
computerisation is yet to take place, or where it has taken 
place relatively recently. From these records estimate 
the actual amount of paper purchased, or, if this is not 
available, the amount of money spent on paper purchase. 
The expense figures will have to be adjusted for inflation. 
Ideally one should have for comparison at least 20 data 
sets each, without and with computerisation, on paper 
consumption per year in a branch, normalised by taking 
into account the number of cheques processed by the 
bank branch per year. 

Follow up: Carry out a similar analysis in the context of 
the functioning of the school office. 


(10) Resource Catchments of Markets 


Hypothesis: Fruit purchased from malls come from 
significantly greater distances than the fruit from fruit- 
stalls in the market. 

Rationale: People use resources drawn from varying 
distances. Many poor rural households subsist on 
resources collected with their own labour from their 
surroundings. On the other hand the urban well-off 
have access to resources brought from far off through 
state sponsored schemes, e.g., for drinking water, and 
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increasingly through markets. The shopping malls, in 
particular, bring in materials from greater and greater 
distances. This is true even of perishable goods such as 
fresh fruit. This phenomenon has important implications 
for resource use intensity, and in turn, impacts on 
environment. 

Methodology: Select a sample, 10 of each, of three kinds 
of fruit shops; namely, pavement vendors, stalls in old 
city markets and modern shopping malls. Interview the 
sellers/ managers as to source of fruit. With the help 
of maps and literature ascertain the distances involved. 
Thus jamun often comes from private gardens within 
a few kilometers, apples may come from hundreds of 
kilometers away from Himachal Pradesh, while kiwi fruit 
may come from as far away as New Zealand. Plot on a 
map the resource catchments of the three types of fruit 
sellers. 

Follow up: Estimate the levels of energy consumption 
involved in transporting fruit from various distances, and 
thereby contribution to global warming of consuming 
fruit from different sources. 


(11) Waste of Food and Economic Status 


Hypothesis: Per capita production of kitchen waste in 
households is proportional to the average Ponderal Index 
(weight/height3) of the household members. 

Rationale: Human demand on resources is in part 
governed by the level of wastefulness of resource use. 
One form of wasteful resource use, namely, excessive 
intake of food is associated with obesity. Ponderal Index 
increases with obesity. Hence, one may expect the two to 
be correlated. 

Methodology: Select about 50 households who would 
be willing to participate in a study of solid waste 
generation. To ensure comparability these households 
should not include any pets or non-family members. 
Ensure that they separate wet or organic waste from 
dry waste. Weigh both the wet and dry waste generated 
for 10 consecutive days. Divide this by the number of 
family members. Take the height and weight of all family 
members, and calculate the median Ponderal Index. 
Study the correlation between daily per capita wet waste 
production and median PI. 

Follow up: Study and interpret the variation in Ponderal 
Index amongst members of a family. Study the correlation 
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between generation of dry and wet waste. Estimate how 
much compost manure/biogas could be produced from 
such kitchen waste. 


(12) Gender and Health Concern 


Hypothesis: Boys have a lower level of knowledge 
than girls of the vitamin content of the common foods 
consumed in the locality. 

Rationale: Women and girls are believed to have a greater 
level of concern for the health of their family members. 
They also tend to be more responsible for planning of 
family meals. If this is so, school or college going girls may 
be expected to learn more than boys about the nutritional 
value of common food items consumed at home. 
Methodology: Select a sample of 25 boys and 25 girls 
with similar socio-economic background from XI - XII 
standards. In a group interview prepare a list of food 
items commonly consumed in their households. Such 
a list may include rice, banana, milk, tur dal, tamarind, 
tomato, onion, egg and so on. From literature, or by 
consulting a nutrition laboratory, ascertain the vitamin 
content of these foods. Administer a well designed 
multiple choice questionnaire to assess the knowledge of 
the participants. 

Follow up: Do a similar study on mineral content of 
the foods. 


(13) Domestic Energy use Patterns 


Hypothesis: Amount of energy consumed in preparation 
of the food at home exceeds the energy content of the 
prepared food. 

Rationale: Primitive man’s primary demand for energy is 
food. Additional energy demands came into play when food 
began to be cooked. Today it is also processed by the use of 
blenders/grinders etc. It is worthwhile understanding the 
relative magnitude of these components of energy use. 
Methodology: Select a sample of ten households. Make 
a list of all kitchen appliances and the amount of time 
per day that they are, on average, in use. With inputs 
from Engineers and other experts make an estimate 
of the energy consumption that this entails. Estimate 
the calorific value of the basic ingredients that go into 
making of the food in the household. Compare the values 
of the energy contents of food and that is consumed in 
preparing it. 
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Follow up: Find out about lifecycles of kitchen appliances 
and energy that goes into producing them. Make an 
appropriate correction to the energy consumed in 
preparing food by adding this component. 


(14) Health and Waste Disposal 


Hypothesis: Residents close to solid waste disposal sites 
suffer from a higher level of gastro-intestinal disorders. 
Rationale: Modern societies generate large quantities of 
waste that have to be either dispersed, as with sewage 
discharged into rivers, or sequestered as with solid 
waste landfill sites. Inevitably some people have to stay 
in the vicinity of sites where concentrations of wastes 
build up, such as near solid waste disposal sites on the 
outskirts of cities these people may be at health risks, 
for instance, through some waste products leaching 
into their water supply. Consequently, they may exhibit 
greater incidence of health disorders. 

Methodology: Select for comparison two localities: one 
close to a city solid waste disposal site, and another one 
of similar socio-economic status, but far away from any 
solid waste disposal site. Select 25 households in each 
locality of people who would be willing to maintain a record 
of health or sickness of their family members. Design a 
diary for maintaining such a record in consultation with 
faculty members of a Social and Preventive Medicine 
department in a local medical college. Compare the 
health records of people in the two localities with respect 
to incidence of gastro-intestinal diseases. 

Follow up: Compare the drinking water supplied in the 
two localities with respect to their microbial content. Do 
similar studies on respiratory disorders in two localities, 
one downwind of an air polluting industry, and another 
free from air pollution. 


(15) Feeding Ecology of Stray Dogs 


Hypothesis: Stray dogs obtain a greater proportion of 
their food from garbage dumps than direct feeding by 
dog lovers. 

Rationale: Increasing populations of stray dogs have 
become a serious environmental concern in many parts 
of the country. However, really very little is understood of 
their numbers, how they sustain themselves, the extent 
to which sterilisation of these dogs is effective in bringing 
their numbers under check, and so on. Such information 
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will begin to be generated if students begin to investigate 
different facets of their ecology. An important aspect 
is where they obtain their food, and the role played by 
lovers of stray dogs in providing food. 

Methodology: Locate about 20 stray dogs in one or more 
groups. Note the size, colour, and body markings of 
the various individuals so that they can be individually 
identified and followed. With students taking turns in 
shifts, observe them for three full days, compiling a 
time-activity budget, and recording their movements. 
Record in detail all activities related to search of food, 
competition over food, and actual feeding. Note the 
source, the nature of food, the time of feeding, and the 
duration of feeding. 

Follow up: Contact members of city corporation entrusted 
with the responsibility of controlling dog population, 
members of dog catching squad, veterinarians entrusted 
with sterilisation and compile available information on 
stray dogs and changes in their numbers and ecology 
over time. 


(16) Social Distribution of Global Environmental 
Concerns 


Hypothesis: Global warming figures more prominently 
in discussions in English language than in Indian 
language press. 

Rationale: Different segments of society have different 
environmental concerns depending on how different 
factors affect their quality of life. The Indian language 
press caters more to rural, farming and working class 
audiences. The English language press caters more to 
wealthier, urban audiences, many of whose relatives are 
settled abroad. Global warming does not immediately 
impinge on the quality of people’s lives. At the same time, 
it is a hot issue in Western countries. It is therefore more 
likely to be dealt with in English language press. 
Methodology: Select three English language and three 
Indian language newspapers with wide circulation in 
your locality. Visit the offices of these newspapers and 
carefully scan all the issues of previous three months. 
Note all references to environmental issues including 
global warming, the page on which these are covered, 
and the amount of space devoted to these items. Compare 
the coverage of global warming in English and Indian 
language newspapers. 
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Follow up: Analyse the overall coverage of environmental 
issues, ranking the various concerns. How similar or 
dissimilar different papers are in their coverage? What 
are the major gaps in the coverage? 


(17) Signature of Global Warming 


Hypothesis: A comparison of maximum monthly 
temperature for the last five years as compared to 
previous five years shows an increasing trend. 
Rationale: Substantial scientific evidence is now emerging 
that the earth is getting warmer. Since temperature 
keeps fluctuating over a day and over seasons, evidence 
for such warming is to be sought in long term averages. 
The India Meteorology Department maintains records of 
mean monthly temperature for thousands of stations in 
the country. Trends over years in this parameter should 
furnish evidence of possible global warming trend. 
Methodology: Obtain mean monthly temperature 
figures for last five years for a number of cities. Compare 
the series for a given city for a given month, e.g., for the 
month of February for Ludhiana. The change from one 
year to the next, e.g., February 2003 to February 2004 
may be an increase or +, or a decrease or —. A five year 
series would provide 4 such signs; thus ++++ would denote 
a continuous rise over the 5 year period. Records for any 
given city would then provide a series of 12 x 4 = 48 signs 
of + or -. If global warming is taking place, + should be 
significantly more common. 

Follow up: Do a similar analysis for daily minimum 
and maximum temperatures of the hottest and coldest 
months of the year. 


(18) Occupation and Concern Over Coastal 
Pollution 


Hypothesis: Fishermen have a higher level of concern 
about oil spills than non-fishermen from the locality. 
Rationale: People harbour different kinds of and different 
levels of environmental concerns, strongly related to how 
these affect the quality of their lives. Thus city dwellers 
are more likely to be concerned with traffic congestion, 
while agriculturists with depletion of ground water. 
Fishing communities who depend on marine resources 
for their livelihoods would have a greater level of concern 
for coastal pollution. 
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Methodology: Select a sample of about 100 people 
representing different socio-economic strata and 
livelihood activities. Ask them to rank amongst a set of 
environmental concerns such as (1) depletion of fishery 
resources, (2) oil spills in the sea (3) depletion of fodder 
resources, (4) lowering of underground water table, 
(5) local extinction of many wildlife species. (6) river 
water pollution, (7) traffic congestion, (8) global warming, 
and so on. The list may be prepared after a preliminary 
discussion with a cross-section of local people about the 
environmental issues that concern them. 

Follow up: Interview members of marine fishing 
community and coastal hotel owners about the manifold 
impacts of oil spills. 


(19) Water Treatment and Health Status 


Hypothesis: Incidence of gastro-intestinal diseases in 
household members decreases with greater technological 
inputs in its drinking water supply. 

Rationale: Water sources may be ranked in terms of 
increasing technological inputs in the following order: 
pond, lake, stream, river, open well, bore well, piped 
water supply, water treated through an aquaguard type 
of system, bottled water like Bisleri. One of the aims of 
these technological inputs is to reduce the microbial 
content, especially in terms of organisms that constitute 
a health hazard, and thereby improve the health status 
of consumers. It is important to assess whether in fact 
this objective is fulfilled. 

Methodology: Select for comparison 25 households of 
people using different kinds of drinking water sources 
who would be willing to maintain a record of health or 
sickness in their family members. Design a diary for 
maintaining such a record in consultation with faculty 
members of a Social and Preventive Medicine department 
in a local medical college. Compare the health records of 
people using different kinds of drinking water sources 
with respect to incidence of gastro-intestinal diseases. 
Follow up: Assess whether overall susceptibility to 
diseases is positively correlated with incidence of gastro- 
intestinal diseases. Conduct in depth interviews of a few 
selected households to assess whether factors other than 
the source of drinking water such as diet and exercise 
may be impinging on the health status. 
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(20) Water Treatment and Economic Status 


Hypothesis: Per capita floor space available to members 
of the household increases with greater technological 
inputs in its drinking water supply. 

Rationale: It is important to assess whether poorer 
people are at a disadvantage in terms of the quality of 
drinking water available to them, and thereby in terms 
of overall health status. Per capita floor space available 
to members of the household is a good measure of the 
economic status. Hence one may expect a correlation 
amongst these two variables. 

Methodology: Water sources may be ranked in terms 
of increasing technological inputs in the following order: 
pond, lake, stream, river, open well, bore well, piped 
water supply, water treated through an aquaguard type 
of system, bottled water like Bisleri. Select for comparison 
100 households of people using different kinds of 
drinking water sources. Estimate the per capita floor 
space available to members of the sample households. 
Examine the correlation amongst these two variables. 
Follow up: Conduct in depth interviews of a few selected 
households to assess whether they differ in factors such 
as diet and exercise that may be impinging on the health 
status. 


(21) Understanding of Water Quality 


Hypothesis: There is better information available on 
microbial status than the content of pesticides of 
drinking water. 

Rationale: Very limited information is available on many 
aspects of water quality, including pesticide pollution. 
It would be worthwhile to document the extent of 
information available on the whole range of parameters 
of possible interest. 

Methodology: By consulting literature and experts 
compile a list of the whole range of parameters 
relating to water quality. Approach the city Water 
Supply Board, Pollution Control Board, various 
industries operating effluent treatment plants, and 
Research and Academic organisations to ascertain 
the extent to which information is available on these 
various parameters. Verify that very little information 
is available on pesticide levels. 

Follow up: Apply to private industry operating 
effluent treatment plants for data on level of various 
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pollutants in their effluents under the Right to 
Information Act. Document the whole experience, 
regardless of whether the attempt to obtain 
information is successful or not. 


(22) Floods and Health Status 


Hypothesis: The incidence of gastro-intestinal diseases 
increases significantly following the overflowing of the 
river in the locality. 

Rationale: Many environmental disasters have adverse 
influence on human health. Floods may lead to a mixing 
of sewage water with drinking water and lead to an 
increase in the incidence of gastro-intestinal diseases. 
Methodology: Select a locality regularly affected by the 
overflowing of some river. Select 50 households of people 
who would be willing to maintain a record of health or 
sickness in their family members. Design a diary for 
maintaining such a record in consultation with faculty 
members of a Social and Preventive Medicine department 
in a local medical college. Compare the health records of 
people before and following the overflowing of the river in 
the locality with respect to incidence of gastro-intestinal 
diseases. Does the incidence increase significantly 
following the floods? 

Follow up: Compare the drinking water supplied in the 
localities with respect to their microbial content prior to 
and following the overflowing of the river. 


(23) Economic Status and Organic Farming 


Hypothesis: Organic farming may be categorised as 
by design or by default. In case of organic farming by 
design, the organic farmers have significantly larger 
landholdings than those practicing non-organic farming. 
Rationale: Intensive chemicalised farming has a number 
of adverse environmental impacts. It is important to 
document the conditions under which farmers switch to 
organic methods. 

Methodology: Organic farmers may be divided into two 
categories: (1) Firstly, those who have never practiced 
intensive farming. These tend to be smallholders in 
relatively remote, often tribal, areas. (2) Our interest 
here is on study of the second category, of farmers 
who have deliberately shifted to organic farming from 
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earlier practice of intensive farming. Such farmers may 
be identified with the help of various organic farmers’ 
federations. Select a district which has fair numbers of 
organic farmers. Select at random 25 organic farmers, 
along with 50 non-organic farmers with farm immediately 
adjacent to their farms for further study. Record the 
sizes of their landholdings. 

Follow up: Interview the organic farmers as to what 
motivated them to make a switchover. 


(24) House Compound Fruit Trees 


Hypothesis: Slum areas have a greater diversity of 
fruiting trees than private gardens in other localities. 
Rationale: People in slum areas are more motivated to 
use whatever little area they have to plant trees of direct 
use to them. People living in better off localities are not 
so motivated, and tend to favour ornamental plants. 
Hence, one expects a greater proportion of fruit trees 
around slums. 

Methodology: Select 3 slum and 3 non-slum localities, 
locate and note the local names of 200 trees in a 
randomly selected compact block in each locality. 
Compile an overall list of all species noted and their uses 
such as fruit, ornamental flowers, worship of gods and 
so on. Test whether slum areas have a greater diversity 
of fruiting trees than private gardens in other localities. 
Follow up: Interview selected residents of the study 
localities as to reasons behind the choice of trees to be 
planted. 


(25) Man—Wildlife Conflict 


Hypothesis: Over time there has been a significant trend 
towards quicker settlement of claims relating to wild life 
damage. 

Rationale: A very significant number of Indians live 
on fringes of wild life sanctuaries, national parks and 
other areas rich in wild animals. Other wild animals, 
including monkeys live amidst human settlements. The 
wild animal populations have increased in many cases 
with effective protection, so have human populations 
and their demands. This has resulted in growing human 
wildlife conflict. In response, the wildlife protection 
agencies have improved their redressal, including 
payment of compensation for wildlife damage. It is useful 
to document how far this has been successful. 


210 TEACHERS’ HANDBOOK ON ENVIRONMENTAL EDUCATION 


Methodology: This study should focus on regions 
where there is a known history of wildlife damage and 
its compensation by the Forest Department. In such 
an area, the study should tap two kinds of sources of 
information, namely, official records and interviews of 
people affected. Thus one may select for study the cases 
of crop damage and killing of people by elephants in 
Kanakapura Forest Division south of Bangalore. The 
records of this Forest Division over last ten years may be 
examined, if necessary by using an RTI application, as to 
(1) date on which damage occurred, (2) date on which a 
claim was filed, and (3) date on which compensation was 
paid. In parallel, interview groups of people as to their 
experiences in this regard over the last ten years. Such 
group interviews could be effectively organised by taking 
advantage of scheduled meetings of Women’s Self Helps 
Groups, or Gram Sabha meetings. 

Follow up: In a region of acute man-wildlife conflict, 
conduct a study of all forms of wildlife damage, the 
official system of reporting the damage, assessing the 
damage and payment of compensation. Analyse where 
the system could be made more efficient, while reducing 
the scope for corruption. 


(26) Tree Survival and Religious Protection 


Hypothesis: Largest sized trees in any locality are 
significantly more likely to be associated with religious 
sentiments than be maintained as ornamental trees. 
Rationale: Both rural and urban habitations throughout 
India have some tree cover, as trees in house yards, 
public parks, near temples and other institutions, along 
avenues and so on. Two of the commonest reasons for 
protection of such trees is because of their showy flowers, 
e.g., gulmohar, or because they are considered sacred, 
e.g., banyan or peepal. It is of interest to find out which 
of these is more effective in ensuring that the trees are 
allowed to grow large. 

Methodology: Girth at breast height, namely. 1.4 metes 
is a standard measure of the size of a tree, and may 
be used for the purpose of this study. Select a village, 
or a city ward and make a list of the most significant 
tree species occurring in the area and the motivation 
behind planting them. Locate the 25 largest trees and 
measure their girth. Test whether sacred trees tend to 
be larger than ornamental trees. 
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Follow up: Interview people about the largest trees of 
the locality that have been cut over the last 2 years, 
their names and whether they included sacred/ 
ornamental trees. 


(27) Landholding and Use of Lire Wood 


Hypothesis: Use of firewood, rather than crop wastes or 
commercial fuel such as LPG gas, for cooking declines 
with an increase in the size of agricultural landholding. 

Rationale: This hypothesis is pertinent to rural areas 
where relatively poor families extensively use firewood 
collected with their own labour, often from wastelands, 
for cooking. Agricultural wastes, also an important 
source of fuel for cooking, are much more accessible 
to landowners. Hence, the use of firewood for cooking 
is expected to decline with an increase in the size of 
agricultural landholding. 

Methodology: This hypothesis is pertinent to regions 
where a significant proportion of people are involved 
in agriculture. Select for such a study 25 households 
of landless agricultural labourers, 25 households of 
smallholders, 25 households with medium land holdings 
and 25 households with large land holdings. The 
definitions of marginal, medium and large landholdings 
should be based on the local pattern of landholding, with 
roughly one-third households allocated to each category. 
Members of these households should be interviewed as 
to the relative importance of various sources of cooking 
energy, employed during the previous one week. These 
may be classified as: (1) fire wood collected from forest 
or scrubland or roadside trees, (2) waste from tree crops 
like coconut leaf rachis (3) crops waste such as stems 
of pigeon pea (4) wood charcoal (5) coal (6) LPG gas (7) 
electricity and so on. 

The expectation to be tested is that the relative 

importance of source - fire wood collected from forest 
or scrubland or roadside trees, would be least for large 
landholders and would successively increase amongst 
medium, marginal landholders and landless agricultural 
labourers. 
Follow up: Undertake a study of the indoor environment 
in the kitchens of large, medium, marginal landholders 
and landless agricultural labourers. It might be expected 
that use of firewood and the resultant smoke would have 
negative health consequences, especially for the landless 
labourer households. This may be tested. 
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(28) Physique and Occupation 


Hypothesis: People engaged in MFP collection have 
lower levels of subcutaneous fat. 

Rationale: It is pertinent to understand the various 
occupations followed by people in the Indian society, 
the environmental consequences of their activities, and 
how these relate to their quality of life. A person’s diet, 
in particular calorific and fat intake, in relation to his/ 
her energy expenditure is reflected in his/her level of fat 
accumulation. In the Indian society people with amongst 
the lowest levels of calorific and fat intake, and high 
levels of energy expenditure are engaged in the collection 
of minor forest produce (MFP). 

Methodology: This study may be conducted in a rural 
area around forest fringe, where collection of minor forest 
produce is an important occupation. In such a locality 
identify 100 volunteers engaged in MFP collection, 100 
volunteers with small landholdings, and 100 volunteers 
with relatively large landholdings. make sure that there 
is roughly the same proportion of men/ women and 
people belonging to different age groups in each of these 
3 categories. A person’s level of accumulation of fat is 
readily estimated by measuring skin folds under the 
shoulder blade, by an instrument called skin calipers. 
Make such measurements on all volunteers and analyse 
the data. 

Follow up: Do a similar study in an urban area, comparing 
students from three different schools, one with very high, 
one with medium, and one with low school fees. 


(29) Age and Knowledge of Living Organisms 


Hypothesis: Number of distinct taxonomic entities that 
a person can name increases with age. 

Rationale: As industrialisation and reach of markets and 
TV increases, even in rural and tribal areas, the younger 
generation is losing touch with the natural world. With 
this they are likely to be familiar with a smaller number 
of names of living organisms than the older generation. 
However, while this may hold in rural and tribal areas, it 
may not hold in urban areas. In urban areas the younger 
people may be more familiar with living organisms than 
the older generation through watching programmes such 
as the Discovery channel on TV. Thus, this hypothesis 
may be true in some contexts and false in others. 
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Methodology: Select a sample of 100 families willing to 
participate in this study. Note the age and gender of the 
participants and then ask them to spend as much time 
as they wish over a one week period, noting in a diary 
words corresponding to the names of living organisms 
that they are familiar with, in one or more languages 
of their choice. These may refer to many different levels 
of taxonomic categories, thus, they should be requested 
to separately note bird, bird of prey, kite and black- 
winged kite as four terms they are familiar with. During 
this exercise of writing down such names, they should 
be requested to rely entirely on their memory, and not 
discuss the issue with any persons, or consult books, TV 
or websites. Analyse the data so generated with respect 
to differences with age. 

Follow up: While collecting such information, request the 
participants to mention the source of their knowledge 
of the various names in terms of following categories: 
(1) communication from friends, relatives or parents; (2) 
personal observation coupled to communication from 
friends, relatives or parents; (3) in school; (4) from books; 
and (5) watching TV. Analyse the data in terms of relative 
importance of different sources of knowledge for people 
of different ages, gender, and so on. 


(30) Folk Songs of Men and Women 


Hypothesis: Folk songs of women include mention of a 
greater number of living organisms than folk songs of men. 
Rationale: Women, especially in rural areas have been 
traditionally responsible for dealing with natural 
resources, such as fetching water from rivers or wells, 
collecting fire wood for working, or fodder for cattle. This 
may be reflected in their folk songs. 

Methodology: Select at random 100 folk songs of women 
and 100 folk songs of men from published anthologies 
of folk literature. Estimate the number of references to 
living organisms in these folk songs. 

Follow up: Make a similar comparison of poems of men 
and women published in magazines/ books. 


(31) Hypothesis: Mosquito densities are significantly 
positively correlated with tree densities. 


(32) Hypothesis: Stray dogs exhibit a lesser variety of 
colours than pet dogs. 
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(33) Hypothesis: Stray dogs are significantly less 
variable in adult sizes than pet dogs. 


(34) Hypothesis: Families maintaining pet dogs have 
significantly fewer children living with them. 


(35) Hypothesis: Indigenous species show a significantly 
higher level of leaf damage than exotic species. 


(36) Hypothesis: Natural habitats have significantly 
more irregular shapes than man-made habitats. 


(37) Hypothesis: Proportion of raw materials from more 
natural/ near-natural sources (e.g., bamboo) used in 
house construction decreases with the size of the house. 


(38) Hypothesis: Height of males above 18 years of age 
from the basket-weaving communities decreases with 
age. 


(39) Hypothesis: Ratio of price at which the product is 
sold/cost of raw material has decreased over time for the 
basket weavers. 


(40) Hypothesis: Over time, paper mills have been 
bringing in forest based raw material from greater and 
greater distances. 


(41) Hypothesis: Over time, paper and polyfibre mills 
have switched from use of forest based to farm produced 
raw material. 


(42) Hypothesis: Over time, proportion of paper 
produced from imported pulp has been increasing. 


(43) Hypothesis: The number of distinctive uses of 
bamboo that a person can name increases with age. 


(44) Hypothesis: The ratio of price of paper to the 
royalty paid to the Forest Departments has decreased 
over time. 
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(45) Hypothesis: Outside harvesters of bamboo remove 
a larger fraction of culms from bamboo clumps in 
comparison with local users. 


(46) Hypothesis: Bamboo densities are inversely 
proportional to cattle densities as assessed from cattle 
dung densities. 


(47) Hypothesis: The proportion of new to old culms 
(as assessed by nature of leaf sheaths) increases with 
distance from habitation. 


(48) Hypothesis: The proportion of new to old culms (as 
assessed by nature of leaf sheaths) increases with total 
number of culms in the clumps. 


(49) Hypothesis: Fish diversity is greater upstream as 
compared to downstream of release of paper mill effluent. 


(50) Hypothesis: The proportion of paper collected 
from domestic garbage by rag pickers increases with per 
capita number of cars for residents of the locality. 


(51) Hypothesis: Bamboo densities are higher in 
reserved as compared to protected forests. 


(52) Hypothesis: Bamboo and other forest species 
would be mentioned more frequently in oral as compared 
to literature committed to print. 


(53) Hypothesis: In a forest patch, bamboo densities 
are inversely proportional to the proportion of evergreen 
species. 


(54) Hypothesis: Incidence of bamboo shoots as food 
is inversely proportional to the floor area of a family’s 
residence. 


(55) Hypothesis: A comparison of the species that have 
declined over the last five years with those that have 
increased reveals that more xerophytic species are on 
the increase. 
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(56) Hypothesis: Number of reported oil spills is 
significantly greater in last five years as compared to 
previous five years. 


(57) Hypothesis: Microbial content of water decreases 
with greater technological inputs. 


(58) Hypothesis: The greater the population of a 
village/town/city, greater the technological inputs in its 
drinking water supply. 


(59) Hypothesis: Per capita expenditure on drinking 
water in a household increases with greater technological 
inputs in its drinking water supply. 


(60) Hypothesis: Females rank scarcity of drinking 
water aS a more serious environmental concern than 
males do. 


(61) Hypothesis: The greater the population of a village/ 
town/city, greater the distance to its drinking water 
source. 


(62) Hypothesis: The amount of water consumed 
in a household is proportional to the mean monthly 
temperature. 


(63) Hypothesis: The amount of drinking water 
consumed by a person is proportional to his/her body 
weight. 


(64) Hypothesis: The amount of drinking water 
supplied to a town/city has increased at a slower rate 
than its population. 


(65) Hypothesis: The number of days that the river has 
overflown is significantly greater in the recent past as 
compared to previous five years. 


(66) Hypothesis: The chance of flooding of street in 
front of the school increases with the amount of rain 
received in the previous two days. 
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(67) Hypothesis: The lake receives more water from 
sewage than natural water flow. 


(68) Hypothesis: The ratio of money spent on flood 
relief/ annual budget of the state shows an increasing 
trend over the years. 


(69) Hypothesis: Organic farms exhibit a significantly 
greater diversity of crops than non-organic farms. 


(70) Hypothesis: Organic farms exhibit a significantly 
greater abundance of spiders than non-organic farms. 


(71) Hypothesis: Organic farms exhibit significantly 
lower per hectare yields of any given crop than non- 
organic farms. 


(72) Hypothesis: Insect/disease damage to crops is 
significantly higher in monoculture than in mixed crops. 


(73) Hypothesis: Bird and mammal damage to crops is 
significantly higher in fields closer to forest patches. 


(74) Hypothesis: Urban birds include a significantly 
higher proportion of species from forest than grassland 
habitats. 


(75) Hypothesis: Fish species diversity is significantly 
lower in reservoirs than in rivers. 


(76) Hypothesis: Rates of transition of Landscape 
Element Types with higher tree densities to those with 
lower tree densities are significantly higher than the 
reverse transitions. 


(77) Hypothesis: Rates of transition of Landscape 
Element Types with smaller average patch sizes to those 
with larger average patch sizes are significantly lower 
than the reverse transitions. 


(78) Hypothesis: Ornamental plants include a 


28 TEACHERS’ HANDBOOK ON ENVIRONMENTAL EDUCATION 


significantly higher proportion of species pollinated by 
insects. 


(79) Hypothesis: As reported by experienced bird 
watchers, there has been a greater decline in the 
populations of insectivorous as compared to omnivorous 
birds. 


(80) Hypothesis: There is a significantly greater 
proportion of larger sized fish amongst species reported 
to have gone locally extinct by knowledgeable fishermen. 


(81) Hypothesis: Amongst urban students personal 
observations is a significantly less important source 
of knowledge about living organisms that they can name 
than information gathered from books, magazines or TV. 


(82) | Hypothesis: Central government agencies are 
more open to sharing information than state government 
agencies as revealed by experience of requesting for 
information under the Right to Information Act. 


(83) | Hypothesis: Municipal Corporation agencies are 
more open to sharing information than Pollution Control 
Boards as revealed by experience of requesting for 
information under the Right to Information Act. 


(84) Hypothesis: Number of cars per head owned by 
households is proportional to the floor area of the house 
per head. 


(85) Hypothesis: Domestic electricity consumption 
is proportional to the mean monthly temperature over 
a year. 


(86) Hypothesis: Distance commuted per day by a 
person is greater/smaller than the number of people 
travelling in the vehicle used. 


(87) Hypothesis: Density of oil globules on beaches is 
positively correlated with mean monthly temperature. 


(88) Hypothesis: Density of oil globules is inversely 
proportional to the crab density on the beach. 
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(89) Hypothesis: Density of oil globules is inversely 
proportional to the number of people bathing in the sea. 


(90) Hypothesis: Organic farms exhibit significantly 
lower expenditure per kilogram of farm produce than 
non-organic farms. 


(91) Hypothesis: Organic farms exhibit significantly 
higher input of labour per kilogram of farm produce than 
non-organic farms. 


(92) Hypothesis: In cities, shops selling organic 
produce are situated in economically more affluent 
localities as indicated by shop rents. 


(93) Hypothesis: Communal roosting sites are 
significantly commoner around human habitations than 
in farms/ orchards. 


(94) Hypothesis: Densities of barnacles on rocks is 
inversely correlated with phosphorus content of sea water. 


(95) Hypothesis: Intensity of infestation by semi- 
parasitic Loranthaceae increases with tree density. 


(96) Hypothesis: Insect/ disease damage to crops is 
significantly higher in larger than in smaller patches of 
any given crop. 


(97) Hypothesis: Insect/ disease damage to crops is 
significantly higher in fields with higher levels of fertiliser 
application. 


(98) Hypothesis: Plant species grazed upon by livestock 
include a significantly lower proportion of species with 
spines/thorns. 


(99) Hypothesis: In localities with natural vegetation, 
the diversity of tree species is positively correlated with 
proportion of evergreen tree species. 


(100) Hypothesis: In localities with natural vegetation, 
the diversity of epiphytic plants species is positively 
correlated with proportion of evergreen tree species. 
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(101) Hypothesis: Lichen species diversity is significantly 
higher in wetter habitats. 


(102) Hypothesis: Lichen species diversity is significantly 
higher in cooler habitats. 


(103) Hypothesis: Mollusk species diversity of fresh 
water bodies declines with increasing opacity of water. 


(104) Hypothesis: Diversity of insects caught in light 
traps declines significantly following forest/grassland 
fire. 


(105) Hypothesis: Diversity of semi-parasitic 
Loranthaceae increases with tree diversity. 


(106) Hypothesis: Urban birds include a significantly 
higher proportion of species using a wider range of 
habitats than birds from rural habitats. 


(107) Hypothesis: Medicinal plants include a 
significantly higher proportion of species belonging to 
wet tropical forest habitat. 


(108) Hypothesis: Tree species used for leaf fodder 
include a significantly higher proportion of successional 
species. 


(109) Hypothesis: Plant species used for basket/mat 
weaving include a significantly higher proportion of 
monocot species. 


(110) Hypothesis: Species whose wood is used for 
carving include a significantly higher proportion of 
species from wet tropical forest. 


(111) Hypothesis: Cultivated plants include a 
significantly higher proportion of successional/ pioneer 
species. 


(112) Hypothesis: Cultivated plants include a 
significantly higher proportion of species belonging to 
grassland habitats. 
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(113) Hypothesis: Under similar levels of pesticide 
applications, traditional cultivats show significantly 
lower levels of leaf damage as compared with HYVs. 


(114) Hypothesis: Sizes of monkey troops with access to 
food from human provisioning or garbage is significantly 
higher than of troops without access to such food sources. 


(115) Hypothesis: Educational institutions have a 
lower density of trees per unit open space than housing 
societies. 


(116) Hypothesis: Proportion of households consuming 
self caught fish declines with size of agricultural 
landholding. 


(117) Hypothesis: Proportion of people consuming wild 
roots and tubers at home has declined over time. 


(118) Hypothesis: Number of distinct taxonomic entities 
that a person can name based on personal experience 
decreases with his/her educational level. 


(119) Hypothesis: Number of distinct taxonomic entities 
that a person can name based on sources like books and 
TV increases with his/her educational level. 


(120) Hypothesis: Number of distinct taxonomic entities 
that a person can name based on personal experience 
decreases with the amount of land owned. 
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UNIT 
Information 


Management 


IV 


Complex Systems 


Environment is a complex system of manifold interacting 
components. Such complex systems are highly variable 
in space and time, with every manifestation tending to 
be unique. Thus the track of every new cyclone in the 
Bay of Bengal differs from that of every previous one and 
every wheat field has a slightly different composition of 
associated weeds, fungi, nematodes, insects and mites. 
So information about environment cannot be collected 
within the confines of a laboratory, although specific 
environmental parameters like nitrate concentration 
in water may be determined in the laboratory. Instead, 
extensive information needs to be collected under 
field conditions. This is difficult to be accomplished 
properly through centralised machinery, although this 
is the current mode of operation. Thus various Pollution 
Control Boards collect data on the quality of water in 
rivers, or Wild Life Wings collect data on number of tigers. 
As has recently been brought out this often tends to be 
unreliable data of poor quality, besides posing difficulty 
of access to the general public. The major shortcoming 
of this system of data collection through centralised 
machinery is that it is not open to public scrutiny and 
correction in the spirit of science. It would obviously be 
desirable to improve on the current system in a number 
of ways. 

Such an alternative, more effective system needs to 
incorporate: 

1. Extensive network of observers over space 

2. Continual observations in time 


3. Collection of data in a transparent manner by 
employing proper methodology 

4. Careful scrutiny of data put out in public 
domain 

5. System of correcting any errors 


Collaborative Knowledge Generation 


Recent advances in Information and Communication 
Technology facilitating easy communication and 
management of enormous quantities of information 
has opened up possibilities of collaborative knowledge 
generation. Collectively known as Web 2.0 technologies, 
these developments make possible participation by a 
wide range of people, not necessarily possessing technical 
expertise. Thus school students, teachers and amateur 
fishermen are today engaged in several programmes of 
river watch in Canada. The ambitious Encyclopaedia 
of Life project visualises extensive inputs from “Citizen 
Science” and “School Science”. 

All over the world, citizens constitute an extensive 
network of observers engaged in continual surveillance 
of many facets of their environment. In this they may be 
motivated in many different ways. For example, 

1. Students may be required to undertake academic 
projects, as they now are at all stages of education 
in India. Asystem has been put in place in Canada 
to take advantage of such activities in the river 
watch programmes. 

2. Ordinary people may be engaged in observing 
different aspects of environment during their 
pursuit of livelihoods, e.g., medicine men (status 
of medicinal plants and associated ecosystems) or 
rickshaw drivers/pullers (status of road surface 
and associated traffic). 

3. Ordinary people may have an interest in specific 
aspects of the quality of their environment, e.g., 
asthma patients in the quality of air. 

4. Amateur naturalists like bird watchers have 
world over collected extensive information on 
bird populations. Such information has been 
systematically organised and used for scientific 
investigations as well. 
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Building Capacity of Students 
and Teachers 


To take advantage of the enormous capacity of students 
and teachers in participating in organising an information 
base on India’s environment, we need to build their 
capacity in many ways. 


Data Collection Methodology 


Students must follow sound methodologies in making 
and recording their observations. For this purpose, they 
need to properly pose the hypotheses that will guide data 
collection, and then record appropriate observations 
avoiding any bias as far as possible. However, it is 
also important that the exercises be so designed as to 
be practicable. To this end, we need to create a large 
bank of hypotheses and methodologies that will suggest 
the kinds of projects that may be taken up. Such a 
hypotheses/methodology bank could be made available 
through the NCERT website. The students and teachers 
should of course be free to come up with their own original 
projects, taking care that the hypotheses are well posed 
and the data collection methodology well designed. As an 
example, consider the following project: 


Hypothesis 


Fish/mollusk species diversity is significantly higher 
in waters with lower levels of nutrient contents. 
Methodology: Our objective is to compare the species 
richness of fish or mollusk (snails and bivalves) fauna 
in relation to the nutrient content of river water. Thus 
many rivers will have low nutrient levels in stretches 
closer to their origin, and much higher levels in stretches 
passing through plains and human settlements because 
of sewage discharge. One may select a total of 40 points 
for comparison. At each sampling point, record the lat- 
long with the help of a GPS instrument if possible. It 
would be desirable to document the nature of locality 
being investigated with the help of careful photography 
by digital camera. Throughout its entire extent river fish 
are caught by members of fishing communities. These 
should be contacted and with their help fish caught in 
any particular locality documented. If needed specimens 
may also be purchased from the fishermen. Alternatively, 
students themselves can undertake an all-out search 
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for mollusks for a fixed time period, for instance four 
students over 1 hour, or two students over 2 hours, 
etc. The fish/mollusk species should be documented in 
terms of their local names and careful photography by 
digital camera. Simultaneously water samples should 
be collected and analysed for COD, BOD, N and P 
content and opacity. The whole exercise may be best 
conducted in the immediate post-monsoon period over 
October-November. 


Data Record Schedules 


There will be three sets of Data Record Schedules, one 
for each species, one for each locality, and one for each 
mollusk/fish species versus locality. 


Table I: Species-wise Data Record Schedules 


Species | Scientific Dimensions of the largest 
name individual encountered during 
the study 
Body Weight 


-a 
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For fish it might be feasible to only record presence/ 
absence. For mollusks, numbers may be recorded. 


Data Types 


The data collected may range over a variety of types, 
including numbers (e.g., abundance), categorical (e.g., 
species names), text (e.g., descriptions of habitats), 
pictures and audio-visual clippings. It is now possible 
to handle all this kind of information as a part of a 
computerised database. 


Structuring of Data 


The simplest way of arranging such data in a structured 
fashionisin form oftablesasdepicted above. Computerised 
databases facilitate bringing together data from different 
tables as desired. For instance, table II gives the status 
of pollution at different localities, whereas table III gives 
the abundance of the species at different localities. We 
can look at the relationship of fish/mollusk abundance 
with the BOD level by juxtaposing table II and III. It is 
also possible to link unstructured data such as pictures 
with structured data and retrieve relevant clippings. 


Data Aggregation 


There are now available a number of tools for pooling 
together information from different sources, such as 
shared spreadsheets, documents and maps. A shared 
spreadsheet (or document or map) may be made available 
to all or selected users of the spreadsheet for concurrent 
data entry or modification, on a private or public network. 
Each authorised user is able to make modifications to 
the spreadsheet (or document or map), or simply view it, 
according to the level of authority assigned to them. One 
user may be able to modify any cell in the spreadsheet by 
changing its value, layout, position or formula whereas 
other users may be restricted to entering values into one 
or more cells. In a similar fashion users may simply view 
or modify the shared documents or maps. Significantly, 
all historical versions of the material remain available, 
so that any mischievous changes that may have been 
introduced can be eliminated. 

One may visualise students from a particular school, 
or different schools in given region such as in Pune 
district, or watershed of Alakananda river collecting 
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information on BOD levels and other water quality 
parameters as a part of their Environmental Education 
projects. They may all be authorised to access a shared 
spreadsheet on which information from a number of 
different investigations can be uploaded, validated by a 
moderator, integrated, analysed and eventually shared 
with the public. 


A Network of Websites 


As a next step one may visualise individual schools, or 
consortia of schools in a given city or a distinct setting 
up “wiki” sites on a website where the information being 
generated from various student projects will be uploaded 
and be open to public scrutiny and validation. A wiki 
is a piece of server software that allows users to freely 
create and edit web page content using any web browser. 
Wiki supports hyperlinks and has simple text syntax 
for creating new pages and cross-links between internal 
pages on the fly. The expert support needed for such an 
endeavour of collaborative generation of knowledge on 
India’s environment through student projects may be 
provided with the help of a Technical Support Consortium 
(TSC), preferably constituted at the level of each district. 
This group will have to help adapt manuals detailing study 
methodologies, and formats in which quantitative data may 
be collected, as also other resource material such as field 
guides to identification of bio-indicators of water quality 
to the local context. Most importantly, the TSC may help 
through assessing the quality of the primary data posted 
by students or other interested citizens on the various 
wiki sites that may be networked to constitute a non-peer- 
reviewed publication called “Status of district’s environment 
or Zilla Parisara Sthiti”. TSC may help in selecting material 
of good quality from this information resource, help in its 
interpretation in light of available scientific knowledge and 
in its publication in an appropriate peer-reviewed medium. 
Since much of such information, although of good quality, 
is likely to be of very locality-specific interest, it might be 
worthwhile organising a locality specific on-line publication 
called “State of district's environment or Zilla Parisara 
Prakashana” to host it. Once properly peer reviewed and 
published, this information may be used to write articles in 
other media such as Wikipedia or Encyclopaedia of Earth. 

The currently active India Water Portal, or the 
proposed Environment Portal, as also the NCERT website 
may support these activities by promoting: 
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1. System of participatory software and mechanisms. 

2. Software capability to accept contributions from 
student projects. 

3. Process, policies and procedures for accepting, 
vetting and posting contributions from the student 
projects. 

4. Agreed priority list for themes for organising 
a process of participatory monitoring of 
environmental parameters. 
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The project based EE syllabus consists of a core course 
and project work initiated at Class XI with the concerned 
teachers acting as facilitators. The teacher facilitator 
will assess the students based on the presentations 
on the core course, which comprises of major aspects 
of environmental concerns. The teacher concerned will 
keep a record of the assessment thus made. The teacher 
will also keep a record of the interactions of the other 
groups attending the seminar. This assessment made 
internally will carry 10 marks. 

Thereafter the student will work on the selection of 
the project and development of the project proposal, 
which will be worth 10 marks and will be assessed 
internally. The student can start the work as per the 
project proposal in Class XI. The teacher concerned will 
monitor the progress of the project till its completion 
and assess the students for 15 marks. The student 
will produce a project report after the completion of the 
work. The project report will be assessed along with an 
external examiner in Class XII. This assessment will be 
for 5 marks. 

The student will be further assessed for 10 marks 
through viva-voce conducted jointly by the internal and 
external examiner. 


Therefore the assessment will be as follows: 


Assessment of core 10 marks at Class XI 
components (Internal) 


Selection and development 10 marks at Class XI 
of proposals (Internal) 


Project work, Report 20 marks at Class XII 
(Internal + External) 


Viva-Voce based on the report | 10 marks at Class XII 
(Internal + External) 


TOTAL 50 Marks 


DETAILS OF ASSESSMENT 


Assessment of the Core Components 


As stated earlier, each class will be divided into seven 
groups and each group will be assigned one topic for 
presentation. The group, which presents the seminar 
paper, will be assessed for 4 marks, whereas the 
other groups for their interactions for 1 mark each. 
Accordingly each group will be assessed for 4 marks for 
the presentation and 1 mark each for interacting in the 
other six seminars, totalling to 10 marks. 


Selection and Development of Project Proposals 


The children will select a project which has some local 
relevance. The design of the project proposal in the form 
of project may include the following. The suggested 
assessment value is marked in parentheses. 

(a) Objective and hypothesis: Based on any one of 
the routes adopted, the objectives of the study should be 


specified. (02) 

(b) Rationale: This should give the need and 
justification of selection of the project. (02) 

(c) Methodology: It should include different routes 
that will be followed to handle the project. (02) 


(d) Development of tools: Relevant tools which may 
be an interview schedule, a questionnaire, a format for 
collecting information, a format for recording observations 
etc., should be finalised prior to the execution of 
the project. (02) 


EVALUATION d 


(e) Calendar of activities: Time schedule for different 
activities to be undertaken during the course of the 
project work should be drawn. (02) 

* Testing of the tools: The tools should be finalised 
prior to its execution by actual testing. 

Assessment values for selection and development of 
project proposals as mentioned above will be evaluated 
during Class XI. 


Project Work and Project Report 


The teacher facilitator will closely associate with the 
progress of the project. The teacher may keep a record 
of the gradual progress. The teacher will help redesign, 
reformulation of the tools, etc., if need be and help 
student to complete the project. In case the project is to 
be done by a group of students, the teacher will help in 
the distribution of the work and will guide appropriately 
for the writing of the project report (15 marks). 


Writing of Report 


On completion of the project work each student will 
develop a project report (combined with the report 
already evaluated in Class XI) in consultation with the 
teacher giving the details of the working procedure, the 
data or information collected, the analysis of the data and 
conclusion. In the group project, therefore, each student 
will submit report of the work that is done by her/him. 
The group will utilise the set of reports thus developed to 
produce the final report. This report will be assessed by 
the internal examiner along with the external examiner 
(5 marks). 


Viva-Voce on Project Report 


The complete report will elaborate on the selection and 
development of the project proposal as first part, and 
strategies and details of work as the second part. The 
external examiner along with the internal examiner 
will evaluate the student’s project work based on the 
complete report through a formal viva-voce lasting not 
more than 10 minutes (10 marks). 
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Abiotic: A situation or phenomenon that is 
characterised by the absence of living organism. 

Acid rain: Rain water containing a level of acidity 
higher than normal, usually weak acidity is due 
to dissolution of carbon dioxide in rain water. The 
relatively high acidity of rain water is due primarily 
to the presence of oxides of sulphur and nitrogen 
(produced during burning of fossil fuels in automobiles 
and industrial set ups) in the air and their dissolution 
in the falling rain drops (generally forming sulphuric 
and nitric acids); usually acid rains occur far away 
from the places of origin of the gases as the gases are 
carried in the wind-drift to quite distant places. 

Adaptation: The act of adjustment by an organism 
to environmental conditions through modifications of 
organs if necessary. 

Aerosol: Fine liquid, solid or gas particulates that 
remain suspended in the atmosphere for varying 
periods; small containers of liquid with a propellant 
under pressure for spraying of pesticides, cosmetics, etc. 

Afforestation: Establishment of a forest cover on 
land; planting trees on land that was previously used for 
purposes or raising a new forest after felling and clearing 
of an old forest. 

Agenda 21: Document outlining the extent of global 
environmental problems and measures to control the 
same prepared and agreed upon at the UN Conference 
on Environment and Development (UNCED) Summit at 
Rio-de-Janeiro, Brazil in June 1992. 

Agrochemicals (Syn: Agrichemicals): Chemicals 
used in agriculture including fertilisers, pre- and 
post-emergence herbicides, fungicides, insecticides, 
nematocides, hormonal chemicals etc. 

AIDS (Acquired Immune Deficiency Syndrome): A 
condition in which the body’s immune system is weakened 
and therefore less able to fight certain infections and 
diseases. It is caused by the Human Immunodeficiency 
Virus (HIV). 

Air pollution: Any man-made or natural change in the 
normal composition of air, changing the concentration of 
one or more relative to the other gases. 


Air: The invisible layer of odourless and tasteless 
mixture of gases which surrounds the earth all through 
out as a most essential cover, primarily restricted to 20 km 
above the sea level, and that has been responsible for the 
sustenance and evolution of most forms of life. Air is 
primarily composed of nitrogen (78 per cent) and oxygen 
(21 per cent) but other gases such as carbon dioxide 
(0.035 per cent), water vapour (0-4 per cent), ozone 
(0.00006 per cent) all have very important specific 
constitutional and regulatory roles; without air the earth 
would have been a barren land. 

Algal Bloom: A population explosion of some 
pigmented marine algae seen as an explosion of colour 
on the ocean - orange, red, or brown. 

Antarctica: The continental landmass measuring 
13.8 million sq. km around the South Pole usually 
delineated by the Antarctic circle - a small circle of the 
earth parallel to the equator approximately 23° 27’ from 
the South Pole, it is the world’s fifth largest continent 
nearly 98 per cent of which is covered by snow and ice 
upto an average depth of 2 km. 

Anthropocentric: Regarding man as the most 
significant entity in the universe, the anthropocentric 
views would consider components of the natural world 
to be valuable only as the means to some human end. 

Aquaculture: Rearing in water of aquatic plants, 
fish and shellfish for food either in special structures or 
special ponds, or employing specific devices in certain 
parts of lakes or seas; also known as aquafarming. 

Aquifer: Water-bearing stratum of porous rock, 
gravel, sand or soil; water accumulates in the layer and 
passes to wells and other structures built for collection 
of underground water. 

Asbestosis: A disease of the lungs and respiratory 
tract (pneumoconiosis) caused by inhalation of fine 
asbestos particles; asbestos dust can cause some forms 
of lung cancer, blue asbestos (one form of asbestos) is 
banned in some countries because of high toxicity. 


Bharat I, II, HI and IV: These are emission standards 
that set specific limits to the amount of pollutants that 
can be released into the environment by automobiles and 
other powered vehicles. Standards generally regulate the 
emissions of NO,, sulfur oxides, particulate matter (PM) 
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or soot, carbon monoxide (CO), or volatile hydrocarbons. 
Bharat I, II, II and IV are equivalent to the standards 
set by European countries i.e., Euro I, II, II and IV, 
respectively. 

Bhopal Gas Tragedy: The world’s most tragic 
industrial disaster took place in the midnight of December 
3, 1984 when 36 tons of highly toxic methyl isocyanate 
(MIC) gas (used in the production of the insecticide 
sevin) leaked out of the storage tanks of the factory of 
the multinational company, Union Carbide, at Bhopal 
killing as per official records 2300 persons (unofficially 
over 10,000) and injuring to various degrees nearly half 
a million people. Lack of foresight, negligence on the 
part of the management and failure to take adequate 
precautionary steps were the major reasons of this man- 
made tragedy. 

Bioaccumulation: The progressive accumulation 
over time of toxic components of pesticides and other 
chemicals and metals through the food chain; also 
known as biomagnification. 

Biodiversity: The wide range and richness of the living 
world as manifested by the vast generic and specific 
distribution of flora and fauna giving rise to the large 
qualitative and quantitative differences in the living 
organisms. 

Biogas: Usually methane (CH,) gas (commonly mixed 
with carbon dioxide) produced through fermentation of 
farm wastes particularly excreta of farm animals; e.g., 
Gober gas from cowdung. 

Biological Oxygen Demand (BOD): A measure of 
requirement of oxygen for microbial degradation of organic 
matter present in water and is expressed as milligram 
of oxygen consumed for the biological degradation of 
organic matter present in one litre of water. 

Biomagnification: Progressive increase in 
concentration of certain substances in the body over a 
long period because of passage through the food chain. 

Biome: Geographically large ecological region 
characterised by broad similarity in vegetation and 
climate, the principal biomes of the world are the tundra, 
temperate coniferous forest, temperate deciduous 
forest, tropical rain forest, temperate grassland, tropical 
savannah and desert. A particular biome may often be 
present in different continents of the world but those 
regions do have a broad similarity in climate, topography 
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and soils which is reflected on the vegetation in particular 
and other organisms in general. 

Biomedical Waste: Waste that originates mainly 
from hospitals and clinics and includes blood, diseased 
organs, poisonous medicines, etc. 

Biosphere: All the parts of the earth’s lithosphere, 
hydrosphere, hydrosphere, atmosphere that (the parts) 
taken as a whole, accommodates the living organisms. 

Biota: The living component of an ecosystem, also 
called the biotic community. The biotic community 
includes the plants, animals, and micro-organisms. 

Biotechnology: Technology that manipulates the 
genes in an organism to change its characteristics. 

Bog: Water-logged soil, which may or may not have 
trees. 

Built-up Area: An area full of houses, shops, offices 
etc., specially built for urban or semiurban living and 
related purposes. 


Cancer: A malignant tumerous growth beyond the 
usual control mechanism of the body and spread by 
metastasis via blood stream or lymph system. 

Carbon Cycle: Cyclic movement of carbon in various 
forms from the environment to organisms and back to 
the environment. 

Carbon monoxide (CO): A colourless and odourless 
gas produced in incomplete oxidation of carbon and 
highly toxic to the living system. 

Carcinogen: A substance or an agent that may 
produce cancer or incite cancerous growth. 

Carnivore: A flesh-eating animal. 

Carrying Capacity: The maximum number ofa species 
that can be accommodated in a given area, usually 
calculated as the number of individuals of a species 
per square kilometre. For man also, the term carrying 
capacity refers to the maximum number of persons that 
can be sustained per sq. km of area. 

Cell: The basic unit of life composed of membrane- 
bound protoplasmic structure that contains the all- 
important nucleus (the controlling authority of the cell) 
in a bed of cytoplasm which with the help of a range of 
bio-organelles and molecules carry out the life-functions 
under the overall supervision of the nucleus. Unicellular 
micro-organisms (bacteria, protozoa, certain algae and 
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fungi) consist of a single cell but multicellular organisms 
may contain millions or even billions of cells. 

Chemical Oxygen Demand (COD): A measure of the 
concentration of non-biodegradable substances dissolved 
in water, expressed as milligram of oxygen consumed for 
chemical oxidation of the non-biodegradable substances 
present in one litre of water. 

Chemoprophylactic: Administration of a medication 
for the purpose of preventing disease or infection. 

Chipko Andolan/Movement (Tree-Hugging Movement): 
An extraordinary environmental movement initiated in the 
early 1970s to prevent large scale ecologically damaging 
deforestation in the Himalayan foot hills of Tehri-Garhwal 
in Uttara Khand. Village women were organised into 
unique resistance groups who literally held the trees 
in embrace (three women per tree) for days and nights 
preventing commercial loggers to fell them. Nothing could 
dislodge these determined women and despite all efforts 
the local administration failed to implement logging for 
which permits were issued to contractors. Ultimately, the 
provincial as well as the government at the centre had to 
announce a stoppage of tree felling in Tehri-Garhwal. 

Chlorofluorocarbons (CFCs): Gaseous compounds 
made up of carbon, fluorine and chlorine widely used as 
refrigerant of refrigerators and air coolers, in production 
of plastic foams, propellant for aerosol cans and 
cleansing agent of circuit boards of computers; CFCs are 
held responsible for stratosphere ozone depletion. 

Chulha: A stove that uses wood or charcoal as fuel. 

Coal: Solid black carbon-rich substance originating 
millions of years ago from decaying plants which initially 
formed peat and then under pressure from subsequent 
deposits were converted to various grades of coal of 
varying hardness and quality; anthracite is the hardest 
and best followed in order by bituminous coal and lignite; 
the same is true for quality and fuel efficiency. 

Coastal Zone: The area that extends from the high 
tide mark on land to the edge of the continental shelf, 
which is the submerged part of the continent. 

Community Reserves: Terms denoting protected 
areas of India which typically act as buffer zones to or 
connectors and migration corridors between established 
national parks, wildlife sanctuaries and reserved and 
protected forests of India. Such areas are designated 
as conservation areas if they are uninhabited and 
completely owned by the Government of India but used 
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for subsistence by communities, and community areas 
if part of the lands are privately owned. Administration 
of such reserves would be through local people and 
local agencies like the gram panchayat, as in the case 
of communal forests. Community reserves are the first 
instances of private land being accorded protection 
under the Indian legislature. It opens up the possibility 
of communally owned for-profit wildlife resorts, and 
also causes privately held areas under non-profit 
organisations like land trusts to be given protection. 

Community: The assemblage of all the interacting 
populations of different species existing in a geographical 
area. It is a complex interacting network of plants, 
animals, and micro-organisms. 

Consumer: An organism that feeds on producers or 
other organisms, also called a heterotroph. 

Convention Energy/Fuel Sources: Usually traditional 
energy sources such as coal, wood, petroleum, natural 
gas etc; solar, tidal, wind power etc. are non-conventional 
sources of energy. 

Coral Reef: A formation by huge colonies of tiny 
organisms called polyps that secrete a stony substance 
around themselves for protection. When the coral die, 
their empty outer skeletons form layers and cause the 
reef to grow. 

Cost-Benefit Analysis: An analysis, in economic 
terms, of the advantages and disadvantages of a course 
of action; the total economic and social returns against 
the expenditure. 

Crude Birth Rate: The number of live births per 1000 
people in a population in a given year. 

Crude Death Rate: The umber of deaths per 1000 
people in a population in a given year. 

Culture: The totality of socially transmitted behaviour 
patterns, arts, beliefs, institutions, and all other 
products of human work and thought characteristic of a 
community or population. 

Cyclone: A kind of tropical storm in which the win 
rotates around a centre of low atmospheric pressure 
anticlock-wise in the Northern Hemisphere and 
clockwise in the Southern Hemisphere with wind speed 
reaching 100 km per hour or more; in anticyclone the 
wind circulates round an area of high pressure clockwise 
in the Northern Hemisphere and anticlockwise in the 
Southern Hemisphere. 
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DDE (Dichlorodiphenyl Ethylene): An insecticide. 

Decibel: One tenth of a “bel” - the unit of sound 
intensity, abbreviated as dB. Mathematically, dB = 10 
log10I1/I0, where I is the intensity of any sound and IO is 
the intensity of a reference sound of the same frequency 
just audible to the average human ear. The audibility of 
human ear ordinarily ranges from 1 to 130 dB with the 
faintest perceptible sound taken as one decibel (1 dB). 

Desertification: Land degradation in arid and semi- 
arid areas caused by human activities and climatic 
changes. 

Dichloro diphenyl trichloroethane (DDT): Avery potent 
organochlorine insecticide but a major disadvantage is 
large bioaccumulation and magnification through food- 
chain. Presently not recommended (banned in the USA 
since 1973) because of persistence and bioaccumulation 
(gradual build up in the food via insect small predatory 
animal bigger predatory animal) leading to the detection 
of DDT or its stable breakdown products DDD or DDE. 
Further, many insects have acquired resistance against 
DDT. 

Dioxin: A highly poisonous chemical, 2,3,7,8-tetra 
chlorodibenzo-p-dioxin produced in very small quantities 
as a by-product during the manufacture of 2,4,5-T, a 
herbicide and in a number of other chemical industries. 

Diversity: Physical or biological complexity of a 
system. Usually a measure of the number of different 
species in an ecosystem. 

DNA fingerprinting: A technique used to distinguish 
between individuals of the same species using only 
samples of their DNA. Although two individuals will have 
the vast majority of their DNA sequence in common, 
DNA profiling exploits highly variable repeat sequences 
called VNTRs. These loci are variable enough that two 
unrelated humans are unlikely to have the same alleles. 
The technique was first reported in 1984 by Dr. Alec 
Jeffreys at the University of Leicester, and is now the 
basis of several national DNA identification databases. 


Earth Summit: The high level inter-governmental 
meeting on environment of the earth held in Rio-de- 
Janeiro, Brazil in June 1992 namely “United Nations 
Conference on Environment and Development” 
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abbreviated as UNCED but popularly known as Earth 
Summit. The points of broad agreement reached at the 
meeting have been circulated as the Rio Declaration. 

Earth: It is a planet of the sun (a star of the Milky Way 
galaxy of the universe) and third in order of distance from 
the sun and revolves round the sun in nearly circular 
orbit, with its natural satellite the moon, in approximate 
365 days. 

Earthquake: The shaking and trembling of the 
earth due to movement inside the lithosphere that 
could be tectonic or volcanic in origin. The intensity of 
the earthquake is measured in the Richter scale (after 
Charles Richter) with values ranging from O to 10 
(logarithmic scale), scale values above 5 would cause 
damage; the values taper off with increasing distance 
from the epicentre (the surface of the earth above the 
focus of the quake). 

Ecological Balance: A more or less stable state in 
which the numbers of different organisms in a natural 
habitat have reached a steady level and remain nearly 
the same over time. 

Ecological Footprint: A measure of the ecological 
impact of an entity, expressed as the extent of land 
needed to completely sustain the entity. 

Ecology: The science that studies the relationships 
between living things and their environment. It is often 
considered to be a discipline of biology. 

Ecosystem Diversity: The variety of habitats found in 
an area, that is, the variety of forests, deserts, grasslands, 
aquatic ecosystems, etc., that occurs in the area. 

Ecosystem Service: The ecological service provided 
by an ecosystem, such as the maintenance of the 
biogeochemical cycles, modification of climate, waste 
removal and detoxification, and control of pests and 
diseases. 

Ecosystem: A complex mutually interacting 
assemblage of a group of coexisting organisms that 
interact with the environment forming a functioning 
whole in nature, the size of such a system may vary from 
a very small one to a vast geographical area. 

Effluent: Something that flows out; in pollution 
control, the term usually refers to liquid household and 
industrial wastes (often applied to gaseous pollutants as 
well). 

Endangered Species: The state of a species when 
the number of survivors is so small that it could soon 
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become extinct over all or most of its habitat. Unless it 
is protected, it will move into the critically endangered 
category, before it becomes extinct. 

Energy: Ability to do work or produce a change by 
pushing or pulling some form of matter to cause a heat 
transfer between two objects at different temperatures. 

Entomologists: Those involved in the scientific study 
of insects. 

Environment: The term literally means “something 
the environs” (encircles, surrounds or covers up); as 
such, it includes the overall effect of the surroundings 
on an organism, groups of organisms or an ecological 
community implicating thereby highly complex 
interactions of climatic, edaphic and biotic factors on 
the liveliness, sustenance and finally survival of the 
organism and other members of the community. 

Environmental Health: Those aspects of human 
health that are determined by physical, chemical, 
biological, social, and psychosocial factors in the 
environment. 

Environmental Impact Assessment (EIA): A 
comprehensive and critical assessment and evaluation 
of the short and long term consequences of a big 
construction programme or a development project on the 
environment on the basis of evidences and experiences 
as available locally and globally for similar activities. 

Environmental Studies: The branch of study concerned 
with environmental issues. It has a broader canvas than 
environmental science and includes the social aspects of 
the environment. 

Environment-Friendly (Ecofriendly): Any activity or 
activities and actions which do not harm the environment; 
any thing that helps protecting the environment. 

Ethics: Principles (code) of conduct based on moral 
values for individuals and groups especially professionals 
as to what is good and what is bad, and what should 
be done and what should not be, keeping in view, the 
interest of mankind and biosphere as a whole. 

Eutrophication: The enrichment of a standing water 
body by nutrients such as phosphorus and nitrogen. 

Evolution: The process by which a population of a 
species changes its characteristics over time in response 
to changes in environmental conditions. 

E-Waste: Electronic waste that results from discarded 
devices like computers, televisions, telephones, and 
music systems. 
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Ex-situ Conservation: Conservation that attempts to 
preserve and protect the species in a place away from 
their natural habitat. 

Extractive Reserve: Protected forests, in which local 
communities are allowed to harvest products like fruits, 
nuts, rubber, oil, fibres, and medicines in ways that do 
not harm the forest. 


Fauna: The animals and animal-life of a region. 

Flora: Groups of plants growing naturally in a region. 

Fluorosis: An ailment caused by the excess intake of 
fluoride. 

Fly ash: Fine particles of noncombustible fraction of 
a solid burning fuel like coal carried away by air draft 
and spread over a large region; fly ash may be collected 
and used for brick making and other purposes. 

Food Chain: The series of organisms involved in the 
passage of energy of food from the primary producer 
(plant) to the series of consumers through herbivorous 
animals to different levels of carnivores. 

Forest: Large land area with a natural assembly of 
trees and shrubs (or trees planted by man) and animals 
with trees as the dominant members of the community. 

Fossil Fuel: Remains of organisms that lived 200- 
500 million years ago that were converted by heat and 
pressure into coal, oil, and natural gas. 

Fossil: The remains, traces, impressions of an 
organism, large or small, of past geological ages in the 
earth’s crust in petrified form. 

Frugivorous: Fruit-eating, relying on fruit as a sole 
source of food. 

Fuel Cell: An electrochemical unit that burns 
hydrogen to produce electricity. 


Ganga Action Plan: A master plan to control the large 
scale pollution of the most important river of the country 
(mother Ganga as people call it) by domestic, municipal 
and industrial wastes and effluents taken up in the early 
nineteen eighties. The plan envisaged, besides physical 
cleaning up of certain areas, compulsory treatment of 
raw sewage and industrial effluents before discharging 
to the river, periodic monitoring of water quality and 
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various other steps. Although a good beginning has been 
made much more needs to be done on a continuously 
operating basis to protect the river from abuse and 
exploitation. 

Gasification: The process of converting coal into gas 
in a gasifier for use in gas-fuelled power stations. 

Gene: Appropriate unit of DNA (deoxyribonucleic 
acid) on a chromosome which governs the synthesis of 
a specific enzyme that is characteristic of the organism 
concerned. 

Genetic Diversity: The variety in the genetic makeup 
among individuals within a species. 

Global Warming: The slow gradual rise in the 
temperature of the earth due to emission of excess 
quantities of a number of radiation-trapping gases such 
as carbon dioxide, methane, chlorofluorocarbons, ozone 
(tropospheric), nitrogen oxides, collectively called “green 
house gases” (as the prevent radiating back of heat rays 
as in a glass house for growing green plants — also called 
a green house). 

Grassland: Regions where the average annual 
precipitation is high enough for grass and a few trees to 
grow. 

Green House Effect: A rise in temperature of the 
atmosphere due to rise in the levels of certain gases 
(carbon dioxide, methane, chlorofluorocarbons, water 
vapour, etc.) that prevent heat loss in a manner similar 
to the trapping of heat in a glass-covered ‘green house’ 
(used commercially in the temperate countries for raising 
vegetables and flowers during cold winter months). 

Green House Gas: A gas like carbon dioxide that 
surrounds the earth and prevents some of the sun’s heat 
from being reflected back out again. 

Green Revolution: The rapid increase in world food 
production, especially in the developing countries, 
during the second half of the twentieth century, primarily 
through the use of lab-engineered high-yielding varieties 
(HYVs) of seeds. 


Habitat Fragmentation: The process by which 
continuous areas of species habitat are reduced in extent 
or divided into a patchwork of isolated fragments due to 
human impact. 

Habitat: The area or type of environment in which 
an organism or biological population normally lives 
or occurs. 
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Health: The condition in which the body is sound 
and the mind is free. 

Herbicide: A substance that kills a plant on contact 
(contact herbicide, e.g., Dinitrophenol, diquat) or 
systemically through absorption by plant (systemic 
herbicide, e.g., 2,4-D). 

Herpetologists: Those involved in the scientific study 
of reptiles and amphibians. 

High Yielding Varieties (HYVs): Any of a group of 
genetically enhanced cultivars of crops such as rice, 
maize and wheat that have an increased growth rate, 
an increased percentage of usable plant parts or an 
increased resistance against crop diseases. Those crops 
formed the basis for the Green Revolution. 

HIV (Human Immunodeficiency Virus): The virus 
that causes AIDS. 

Holistic Approach: Dealing with something in its 
totality rather than in parts or sections. 

Hot Spot: A place showing higher background 
radiation than what is normal, very often indicating 
presence of radioactive materials. 

Hurricane: Violent storm with very strong winds 
experienced mainly in the western Atlantic Ocean. 

Hydrological Cycle: The cycle that incorporates the 
events starting from evaporation of water of the sea by 
solar radiation, formation of cloud, precipitation on land 
and sea, and final return to the sea. 

Hydropower (Hydroelectric Power, Hydel Power): 
Electric power obtained by using water to drive the 
turbines. 

Hydrosphere: All sources of water taken as a whole, 
namely water in the oceans and seas, in land (lakes, 
rivers, ponds, etc.) and in the atmosphere. 


Incineration: The process of burning waste materials 
to ashes in a special furnace (or incinerator). 

Infestation: The spread of an insect pest or a parasite 
or pathogen in large number that may cause a lot of harm. 

In-situ Conservation: Conservation that tries to protect 
species where they are, that is, in their natural habitat. 

Integrated Pest Management (IPM): Aholisticapproach 
for control of agricultural pests incorporating appropriate 
cultural practices, biological control if possible, along 
with minimal use of toxic chemical pesticides. 


244 TEACHERS’ HANDBOOK ON ENVIRONMENTAL EDUCATION 


Internal Combustion Engine: The type of engine 
in which the fuel, a mixture of petrol and air is burnt 
in closed combustion chamber for generation of the 
required energy for moving the pistons. 

Issue: A point of discussion, debate, or dispute. 


Joint Forest Management (JFM): A model of forest 
management in which the local communities are involved 
in the planning of the conservation programme. 

Jungle: Tangled mass of thick vegetation, usually 
tropical trees and shrubs of diverse nature, often difficult 
to penetrate. 


Label: Written information given on a product 
marketed for the consumer that includes in case of a 
health related product, the nature of product, origin, 
date of preparation, date of expiry, price and all relevant 
facts the consumer is entitled to know. 

Land Slide: The rapid downward movement of a mass 
of earth or a block of rock or an artificial landfill made of 
waste materials and earth; landslide is common in hilly 
or mountainous terrains during the rains especially when 
the trees and other vegetation have been cleared from the 
mountain slopes. The slope of the terrain particularly 
its degree of inclination, the extent of deforestation, the 
amount and nature of precipitation, seepage and flow of 
water are important factors in landslips. 

Landfill: An area, usually located just outside the 
city, on which municipal waste is dumped. 

Lichen: A highly specialised form of complex 
thallophytic plants made up of symbiotic association of 
a photosynthetic alga and a saprophytic fungus on solid 
surface such as a rock or on the trunk ofa tree, sensitive 
to air pollution. 

Liquified Petroleum Gas (LPG): Mostly propane, 
butane and their combination obtained by refining 
petroleum, cooled and bottled for domestic use. 

Lithosphere: The solid part of the earth consisting 
of native rocks, rocks at different stages of weathering, 
soils of different kinds, etc. 

Lithotroph: An organism that uses reduced 
inorganic compounds as electron donors (energy sources) 
for nutrition. 
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Local Authority: An official body responsible to a 
higher body doing some of the administrative and welfare 
work of the locality e.g., Panchayats. 

Local Extinction: The state of a species when it is no 
longer found in the area it once inhabited. It is, however, 
present elsewhere in the world. 


Mammalogists: Those involved in the scientific study 
of mammals. 

Man: A human being — a bipedal mammalian primate 
related to the great apes but with greater development 
of the brain resulting in greater power of abstract 
reasoning and better articulated speech faculty. Man 
(Homo sapiens) is the sole non-extinct representative of 
the family, Hominidae and consists of a variable number 
of freely interbreeding races distributed across the globe. 

Mangrove: A tropical maritime vegetation of shrubs 
and trees which are especially adapted to salt water 
swamps in the estuaries of big rivers in Asia and America. 

Mariculture: A specialised branch of aquaculture 
involving the cultivation of marine organisms for food and 
other products in the open ocean, an enclosed section of 
the ocean, or in tanks, ponds or raceways which are filled 
with seawater. An example of the latter is the farming of 
marine fish, including finfish and shellfish e.g., prawns, 
or oysters and seaweed in saltwater ponds. Non-food 
products produced by mariculture include: fish meal, 
nutrient agar, jewelleries (e.g., cultured pearls), and 
cosmetics. 

Marsh: Wetland with few trees. 

Mass Extinction: A global, catastrophic extinction 
of species, with more than 65 per cent of all species 
becoming extinct over some million of years. It is 
characterised by a rate of disappearance significantly 
higher than background extinction. 

Maximum Sustainable Yield (MSY): The largest 
yield/catch that can be taken from a species’ stock over 
an indefinite period. It is used extensively in fisheries 
management where it refers to the yield of a species 
of fish that we could harvest annually leaving enough 
breeding stock for the population to renew itself. It is the 
amount of a fish species that we can catch every year 
indefinitely. 
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Megadiversity: High levels of biodiversity. Some of 
the countries where megadiversity is observed include 
Australia, Brazil, China, Colombia, Ecuador, the United 
States, India, Indonesia, Madagascar, Mexico, Peru and 
the Democratic Republic of the Congo). These countries 
contain 70 per cent of our planet’s biodiversity. 

Melanoma: Malignant tumour containing dark 
pigments believed to be caused by over exposure to 
sunlight. 

Memes: Culturally transmitted patterns of behaviour. 

Metropolis: A city or town that is a major centre of 
activity. 

Monitor: To scrutinise or check systematically with 
a view to collecting certain specified categories of data. 

Montreal Protocol (Montreal Protocol on Substances 
that Deplete the Ozone Layer): A successful agreement 
made under the auspices of the United nations in 1987 
to phase out production and release of substances that 
are responsible for the destruction of the protective ozone 
layer (the protection by ozone involves the blocking of 
the ultraviolet radiation emitted by the sun), particularly 
by the chlorofluorocarbons (CFCs) and also several 
other ozone-depleting chemicals. An amendment to the 
protocol was made in 1992 and signed by 93 nations 
including India and China agreeing to eliminate the use 
of CFCs, carbon tetrachloride and halogens by 2000 AD 
and methyl chloroform by 2005 AD. 

Moon: The only known natural satellite of planet earth 
(with a mass of about one eightieth of the earth and mean 
distance of about 3.8 x10° km from the earth) moving in 
an elliptical orbit round the earth in about 27.5 days (one 
complete moon cycle with four phases - full moon, new 
moon and two half-moons) shining in the sun’s reflected 
light; the moon besides its aesthetic appeal and other 
unknown effects on the earth’s abiotic and biotic systems 
directly influences through gravitational effect the tides in 
the oceans and waterbodies connected with the ocean. 


Natural Resources: Mineral deposits, water, air, plant 
and animal resources, in the lithosphere, hydrosphere, 
atmosphere and biosphere. 

Natural Selection: An essential component of the 
evolutionary process: selection in nature of organisms 
with such heritable characters (with required genetic 
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changes brought forward by mutation) that enable them 
to adjust to changed conditions imposed by nature, and 
elimination of those who cannot. 

Nature Conservation: Maintenance of a favourable 
balance of nature with respect to the quantity and quality 
of the physical components of nature through prevention 
of over-exploitation of non-renewable natural resources, 
effective trapping of renewable resources, preservation 
of biodiversity and judicious management practices to 
avoid undue conflict between economic development 
and environmental degradation. 

Nature: The visible and perceived world with all its 
abiotic and biotic natural resources. 

Network: An interconnected or interrelated system 
of communication (including wireless communication), 
channels, groups, etc. 

NGO (Non Governmental Organisation): An 
organisation that works outside the government either 
independently or in collaboration with other public or 
private institutions, charitable organisations, trusts 
and endowments on issues relating to various aspects 
of environment (or other activities) through a range of 
action, often even direct nonviolent physical resistance 
to achieve the goal. 

Niche: A place of special habitat within an ecosystem 
that supplies the necessary factors for the existence of 
an organism or species. 

Noise Pollution: The act of damaging the tranquility 
of the surroundings with levels of unpleasant, disturbing 
and annoying sound. 

Noise: Sound usually of a high level that is noticeably 
unpleasant, disturbing and cause annoyance. 

Nomad: A person who does not settle permanently in 
a particular place but keeps on moving, staying only in 
temporary shelters e.g., Herdsmen who graze cattle and 
sheep, nomadic hunters etc. 

Non-biodegradable: Not decomposable by biological 
means, implying that the enzymes that break up complex 
synthetic substances are as yet nonexistent in nature. 

Non-degradable: Not possible to degrade or decompose 
naturally by agents (physical, chemical or biological 
present in the surroundings. 

Non-point Source: Source of pollution in which 
wastes are not released at one specific, identifiable point 
but from a number of points that are spread out and 
difficult to identify and control. 
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Non-renewable Resources: Usually an exhaustible 
natural resource which cannot be replaced, e.g., coal, 
petroleum, etc. 

Nucleic Acid: Polynucleotide such as deoxyribonucleic 
acid (DNA) or ribonucleic acid (RNA) — a nucleotide is 
composed of nitrogenous base, a pentose sugar and 
phosphate - many such nucleotides combine to give rise 
to a polynucleotide (nucleic acid). 


Lo] 


Odour: Smell, the quality of a substance that 
stimulates or sensitises the olfactory nerves; the term is 
usually used to mean unpleasant smell. 

Organic Farming: A method of farming that does 
not use chemical fertilisers and chemical pesticides. It 
is a return to the traditional methods like crop rotation, 
use of animal and green manures, and some forms of 
biological control of pests. 

Ornithologists: Those involved in the scientific study 
of birds. 

Ozone Hole: The creation of a very thin area or “hole” 
in the stratospheric ozone layer because of destruction 
of ozone molecules through reaction with chlorine 
molecules (especially from chlorofluorocarbons, CFCs), 
nitrogen oxides from fossil fuels in presence of water 
molecules, molecules of methane gas, etc. 

Ozone Layer: A layer of ozone that exists in the 
upper atmosphere, or stratosphere, between 10 and 50 
km above the earth. 


[e] 


PAN (Peroxyacetyl Nitrate): A substance present in 
low concentrations in photochemical smog. 

Patent: An official privilege or right that confers to 
an inventor of a new product or a scientific process the 
exclusive rights to make, use and sell the invention for 
commercial exploitation for a specific term of years. 

PCB (Polychlorinated Biphenyl): Similar to PBB except 
that bromine has been substituted by chlorine, fat soluble 
highly toxic chemicals that persist for a long time. 

PEAT: Decayed and partly decomposed vegetation 
(mosses and other plants) that has become partially 
carbonised, quite often found in bogs and boggy soils. 

Persistent Organic Pollutants (POPs): Compounds 
which are extremely resistant to natural degradation, 
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persist unaltered with the possibility of bioaccumulation 
(accumulation in different organisms) and bio 
magnification (gradual increase in concentration 
within the body of organisms). The polycyclic aromatic 
compounds, particularly the organochlorine compounds 
such as polychlorinated biphenyls (PCBs) polybrominated 
biphenyls (PBBs), polycyclic aromatic hydrocarbons 
(PAHs), many of which are widely used in agriculture and 
industry are all of the persistent type and are therefore 
ecologically hazardous. 

Photochemical Smog: A form of outdoor air pollution 
formed by chemical reactions between sunlight, unburnt 
hydrocarbons, ozone, and other pollutants. 

Photodegradation: The degradation of photodegra- 
dable molecule caused by the absorption of photons, 
particularly those wavelengths found in sunlight, such 
as infrared radiation, visible light and ultraviolet light. 

Photosynthesis: The process by which green 
chlorophyllous plants utilise the energy of sunlight for 
synthesis of food (usually carbohydrates, initially) from 
carbon dioxide and water and release oxygen (from the 
breakdown of water) as a byproduct. 

Phytoplankton: Minute aquatic plants that float or 
drift on water, especially abundant in sea water serving 
as food for small aquatic animals. 

Phytoremediation: The use of certain plants to clean 
up soil, sediment, and water contaminated with metals 
and/or organic contaminants such as crude oil, solvents, 
and polycyclic aromatic hydrocarbons (PAHs). 

Pisciculture: Breeding, hatching and rearing of fish 
under controlled conditions. 

Plankton: Free-floating micro-organisms that cannot 
swim easily and are buffeted about by the waves and 
currents. 

Point Source: Source of pollution that involves 
discharge of pollutants from an identifiable point such 
as a smoke-stack or sewage treatment plant. 

Polluter: A company or a person that is responsible 
for pollution of the environment, for example a paper 
mill, an asbestos factory; a person who throws any sort 
of garbage in a public place etc. 

Pollution: Naturally-occurring or man-made processes 
by which the usually favourable natural conditions 
for a healthy living is disturbed or disrupted; 
pollution of air, water and soil being areas of special 
emphasis. 
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Polythene: Polyethylene - a tough thermoplastic 
chemically resistant flexible material produced by 
polymerisation of ethylene (C,H,), used as a good electrical 
insulating material and various other purposes. 

Prairie: Plain grass-covered land in North America 
(also in Canada) especially the vast area of rolling land 
in the Mississippi valley with rich fertile soil. 

Precipitation: All the forms in which water comes 
down on earth, for example, rain, snow, and hail. 

Producer: An organism such as a green plant that 
can produce food from simple inorganic substances. 
Also called autotrophy. 


[R] 


RAD: The unit of absorbed dose of ionising radiation, 
one rad is equal to the energy absorption of 100 ergs per 
gram of irradiated material. 

Rainfall: The amount of rains that fall in an area 
over a period of time usually measured in centimeters 
or inches. 

Rainforest: Thick tropical forest growing in an area 
with high rainfall usually over 250 cm. 

Raw Material: Material used for manufacture of 
finished products for example iron ore for making steel, 
cotton lint as raw material for cloth etc. 

Recombinant DNA: It is a form of artificial DNA that 
is engineered through the combination or insertion 
of one or more DNA strands, thereby combining DNA 
sequences that would not normally occur together. 

Recycling: Processing of waste materials for reuse — 
metals, glass, paper, plastic, etc., can be recycled and reused 
(recycling is an environment-friendly process and is 
officially encouraged). 

Reforestation: The restocking of existing forest and 
woodlands which have been depleted with native tree stock. 

Renewable: Resource that theoretically can last 
indefinitely without reducing the available supply, either 
because it is replaced more rapidly through natural 
processes than are nonrenewable resources or because 
it is essentially inexhaustible. 

Rio Declaration: The directive principles of a 
environmentally-sound developments contained in the 
27-page document approved at the 1992 Earth Summit 
(held at Rio-de-Janeiro, Brazil) of the heads of the 
participating governments of different countries. 
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Sacred Grove: A forest that is protected by the local 
community through social traditions and taboos that 
incorporate spiritual and ecological values. 

Safe Dose: Dose of medicine that is not harmful; dose 
of radiation that can be absorbed by the body without 
causing harm. 

Salinity: The degree or extent of saltiness of a solution 
of salt in water. 

Savannah: Tropical or subtropical grassland in 
Africa, South America (Florida), etc., with scattered trees 
and drought resistant plants (in the tropics). 

Scheduled species: All the species listed in The 
Wild Life Protection (Amendment) Act, 2002, Schedule 
I - IV. The degree of punishment and penalty varies 
for offences relating to wild animals (or their parts and 
products) included in Schedule-I or part II of Schedule-II 
and those relating to hunting or altering the boundaries 
of a sanctuary or national park. 

Scrubber: A device for removing impurities and fine 
particulate matters especially from gases; cleaning waste 
gases by removing sulphur and other pollutants, etc. 

Sewage Treatment Plant: An area with accessories 
and equipment for treatment and purification of liquid 
sewage for safe disposal to a river or sea. 

Sewage: Waste water, human excreta, etc., flushed 
down the toilets and carried away by the sewers. 

Shellfish: Aquatic invertebrate animal covered with a 
shell, especially edible mollusks and other crustaceans. 

Silent Valley: The site for a proposed highly 
controversial hydroelectric project by building dams 
across river Kunthipura in the Palghat district of north 
Kerala, India that attracted national and international 
attention because its implementation would have 
destroyed an ecologically important primitive rainforest 
with rare flora and fauna. In view of the tremendous 
pressure mounted against the project by leading 
environmentalists and organisations like Kerala Shastra 
and Sahitya Parishad (KSSP) who played a key role in 
arousing public awareness and interest, the Silent Valley 
Hydel project was ultimately shelved. 

Slum: Highly congested area usually within the 
city limits (often located centrally) with very poor living 
conditions in unplanned poorly constructed houses and 
hutments on very narrow lanes or passages with extreme 
lack of sanitary facilities inhabited by poor people who 
are mostly engaged manual works as daily wage earners, 
domestic hands, hawkers, etc. 


252 TEACHERS’ HANDBOOK ON ENVIRONMENTAL EDUCATION 


Smog: A relatively dark, smoky, fine dust and soot 
containing fog which under certain meteorological 
conditions such as temperature inversion (temperature 
lower at ground surface than in air above) tend to hang 
over the ground surface for a considerable period and 
results in poor visibility and serious respiratory problems; 
photochemical smog is attributed to the photochemical 
action of ultraviolet rays in sunlight on unburnt 
hydrocarbon and oxides of nitrogen in the exhaust fumes 
and smokes of cars and engines, producing smog with 
traces of toxic ozone gas (tropospheric). 

Social Forestry: The planting of trees, often with the 
involvement of local communities, in unused and fallow 
land, degraded government forest areas, in and around 
agricultural fields, along railway lines, roadsides, river 
and canal banks, in village common land, government 
wasteland, and panchayats land. 

Society: A group of human beings broadly 
distinguished from other groups by mutual interests, 
participation in characteristic relationships, shared 
institutions, and a common culture. 

Soil Pollution: The act of damaging the quality of 
soil by dumping of garbage, rubbish, municipal wastes 
containing toxic substances, industrial effluents 
containing hazardous chemicals, excessive and 
indiscriminate use of agricultural chemicals such as 
fertilisers, fungicides, insecticides, herbicides, fly ash 
from thermal power stations, radioactive materials 
(nuclear wastes deposition through accidents or use of 
land as atomic test sites). 

Soil solarisation: It involves the use of solar heat as 
a lethal agent. It is done by spreading thin transparent 
polyethylene sheet on soul surface with its margins 
sealed by dumping a layer of soil along boundary and 
is particularly done in summer months to achieve 
the maximum kill of the pathogens or its structures 
surviving in the soil. It is, thus, a sort of soil disinfection 
method aims at controlling the diseases by reducing 
or eradicating the inoculum existing in the soil prior to 
plantation. 

Solid Waste: Waste matter that is relatively hard and 
cannot be put directly into the drain pipes. 

Sorption: The action of both absorption and adsorp- 
tion taking place simultaneously. 

Species Diversity: The number of plant and animal 
species present in a community or an ecosystem. 
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Species: A species is a set of organisms that resemble 
one another in appearance and behaviour. The organisms 
in a species are potentially capable of reproducing 
naturally among themselves. The term includes all 
members of a certain kind, even if they exist in different 
populations in widely separated areas. 

Spill: A liquid that has come out accidentally from 
the container as in oil spills from oil tankers in seas 
causing serious environmental hazards. 

Storm: Atmospheric disturbance caused by gale-force 
winds accompanied most often by thunder and rains. 

Stratosphere: Upper atmosphere above the 
troposphere and below the mesosphere, approximately 
between 11 and 50 km depending on latitudes etc. 

Succession: Process in which communities of plant 
and animal species are replaced in a particular area over 
time by a series of different and usually more complex 
communities. 

Sun: A star of the Milky Way galaxy of the universe 
and is the central figure of the solar system consisting 
of nine planets, including our planet earth and a belt of 
asteroids that revolve round the sun in nearly circular 
orbits in nearly the same plane. The sun having a mass 
of 2 x 10°° kg (i.e. 332900 times the mass of the earth) is 
about 150 million km away from the earth requiring 8.3 
minute for sunlight to reach this planet. The sun is the 
ultimate source of energy on earth and all forms of life 
on this planet owe their existence to the sun. 

Sunderbans: Riverine delta region in the Ganga 
estuary on the Bay of Bengal built up of silt and mud 
deposits washed away and brought from the vast 
hinterland of the river over ages. The area is characterised 
by a specialised unique vegetation and equally adapted 
fauna. The Sunderbans occupy an area of about 
10,000 sq. km of which more than half falls in Bangladesh 
(the estimated area in West Bengal is 4264 sq. km) and 
is criss-crossed by tidal canals. As such, much of the 
coastal areas remain periodically submerged depending 
on the tides and the flora and fauna in this unique 
ecosystem, known as the mangrove ecosystem, adapt 
wonderfully to the daily periodic submergence and 
recession, the semisalinity or salinity of water (depending 
on the season and the extent of mixing of river water and 
salty sea water of the bay). 

Sustainability: The property of something or some 
action the advantage of which will not end abruptly but 
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will continue to benefit many succeeding generations e.g., 
afforestation of denuded land (in fact, most ecofriendly 
actions would be sustainable). 

Sustainable Development: Development that meets 
the needs of the present without compromising the 
ability of future generations to meet their own needs. 

Syndrome: Signs and symptoms occurring together 
showing or suggesting the characteristics of a particular 
abnormality or disease. 


Thermal Pollution: The adverse effect of a rise in 
atmospheric temperature due to release of heat such as 
from a power-plant cooling tower. 

Threatened Species: A species that is still found in 
reasonable size in its natural habitat, but in declining 
numbers. Unless conservation measures are taken, 
it is likely to move into the next category, that is, the 
endangered list. 

Tsunami: An extremely large wave in the ocean 
caused by an earthquake. 

Typhus: A severe disease causing high fever, intense 
headache, dark red rash on the body caused by the 
microorganism Rickettsia prowazekii that is transmitted 
by body lice. 


UNEP (United Nations Environment Programme): 
The United Nations have been deeply concerned with the 
ongoing environmental degradation and over the years 
took major initiatives to safeguard the environment of the 
world by arranging major conventions and formalising 
international treaties such as the Antarctic Treaty, 1959; 
Montreal Protocol on Ozone-Depleting Substances, 
1987, Biodiversity Convention, 1992 etc. 

UV Rays (Ultraviolet rays/radiations): Rays having 
wavelength shorter than the wavelengths of visible light 
but longer than X-rays (range of wavelength 5 to 400 nm). 


Vaccination/immunisation: It is the administration 
of antigenic material (the Vaccine) to produce immunity 
to a disease. Vaccines can prevent or ameliorate the 
effects of infection by a pathogen. It is considered to be 
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the most effective and cost-effective method of preventing 
infectious diseases. 

Value: A principle, standard, or quality considered 
worthwhile or desirable. 

Virus: Submicroscopic infection-causing agent, 
visible under the electron microscope, considered to be an 
object in between living and nonliving, consists of nucleic 
aids (DNA in DNA-viruses, RNA in RNA-viruses) coated 
with proteins and functional only within the body of the 
host where the virus takes over the metabolic machinery 
of the host cell and multiplies itself in the same way as 
genes (nucleic acid) but the rate is much more rapid, the 
viruses are responsible for a large number of diseases of 
plants and animals. 


Waste Disposal: The methods involved in dumping 
of wastes whenever necessary after ensuring that the 
matter is safe for disposal. 

Waste Management: All the procedural and 
managerial work involved in collection, treatment and 
disposal of wastes. 

Waste Treatment: Treatment of waste including 
separation, recycling and reuse of certain things and 
treatment of nonutilisable things for safe disposal. 

Waste: Useless, unneeded, discarded, unused or 
excess material such as ashes, garbage, by-products. 

Water Pollution: Any man-made or natural 
act that adversely affects or changes the usual 
physico-chemical and biological characteristics of 
water. The common sources of pollution are sewage 
contamination (pathogenic micro-organisms, chemical 
salts, organic matter etc.), industrial effluents (wastes 
from petrochemical complexes, fertiliser and other 
agricultural industries, sugar, textile, paper, leather and 
pharmaceutical industries etc.), agricultural chemicals 
(fertilizers, pesticides, etc.), farm wastes, etc., which need 
to be controlled through various methods of treatment. 

Water Quality: The extent of purity of water for 
drinking as well as for various other uses. As such, 
water quality standards would be different for different 
purposes. 

Water Table: The level of first layer of water below the 
ground surface. 

Water: The most common liquid on the earth, 
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chemically a compound of hydrogen and oxygen (H,O), 
water is inseparable from life. 

Weedicides: Used to kill weeds or unwanted plants. 

Wetlands: A natural ecosystem having the properties 
of terrestrial and aquatic systems with the land remaining 
submerged at least during a part of the year. The soil 
is basically undrained giving rise to swamps, bogs and 
marshes. They also include estuaries and deltas, tidal 
mud flats and mangroves and even waterlogged paddy 
fields and shallow fisheries. Wetlands play an important 
role in aquifer recharging and flood control. 

World Wide Fund for Nature-India (WWF-India): 
The largest organisation engaged in wildlife and 
nature conservation in the country. Established as a 
Charitable Trust in 1969, it has an experience of over 
three decades in the field. WWF-India is engaged in a 
multitude of activities for protection and conservation of 
the environment. 


Xerophyte: Specialised group of plants morpho- 
logically and physiologically adapted to dry edaphoclimatic 
conditions in arid and semiarid desert regions capable of 
retaining moisture within the body and preventing water 
loss by transpiration, e.g., cacti and succulents. 

X-Ray (Roentgen Rays): X-rays are electromagnetic 
rays that may pass through tissues and leave images 
on photosensitive films (wave lengths lie in between 
ultraviolet and gamma rays, i.e. 6 x 10° to 5 nm). 
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Annexure -I 


Syllabus for the Core Course 


ENVIRONMENTAL EDUCATION SYLLABUS FOR 
HIGHER SECONDARY STAGE 
BASED ON RECOMMENDATIONS OF NATIONAL 
Focus Group ON HABITAT AND LEARNING 
AND 
NATIONAL CURRICULUM FRAMEWORK-2005 


(NCF-2005) 


Syllabus for the Core Course 


Environment as an interconnected system of a variety 
of components namely people, institutions, knowledge, 
artefacts, geosphere (atmosphere, hydrosphere, 
lithosphere), biosphere (ecosystems, biological 
populations), energy, material, and information flows. 


1. People and Environment 


1.1 Humans as an integral part of the environment 

1.2 Growth in human numbers over historical 
times 

1.3 Migrations of people 

1.4 Dispersion of human populations 

1.5 Rural and urban settlements 

1.6 Environment and health 

1.7 Gender and environment 


2. Institutions (Social, Economic, Political, Legal, 
Cultural) and Environment 


2.1 


Evolution of technology, social, economic and 
political organisation, and growing resource 
demands 

Impact of economic growth on environment 
Inequitable economic growth, poverty and 
environment 

India as a country where many different modes 
of resource use co-exist 

Open access, community controlled, private 
and state management of resources 

Evolution of environmental concerns in different 
societies over the course of history 

India’s manifold traditions of conservation and 
sustainable use 

Shift of environmental regulation from nature 
worship, customary law to Wildlife Act, Forest 
Conservation Act, Environmental Impact 
Assessment and Biological Diversity Act, etc. 
Tools of environmental management, efficiency 
of resource use, sustaining harvests, pollution 
control 

Concept of sustainable development 

Concept of sustainable consumption 
Ecological footprints 

International economic regimes, forces of 
globalisation 

International regimes of environmental 
regulation, Framework Convention on Climate 
Change, Law of Sea, Trans-boundary Movement 
of Hazardous Wastes, etc. 


3. Knowledge, Science, Technology and 
Environment 


3.1 
3.2 
3.3 


3.4 


Growth of knowledge and human colonisation 
of new environments 

Growth of knowledge and use of newer 
resources 

Growth of knowledge, control of diseases and 
population growth 

Implications of intellectual property rights for 
environment 
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3.5 


3.6 
3.7 


Biotechnology, agriculture, health and 
environment 

Intellectual property rights over living organisms 
Traditional indigenous knowledge, its 
implication for environment 


4. Man-made Artefacts and Environment 


4.1 Technological advances and ever accelerating 
pace of manufacture of artefacts 

4.2 Impact of agriculture, animal husbandry, 
aquaculture 

4.3 Impact of agrochemicals on environment 

4.4 Impact of industry, mining, transport 

4.5 Generation and provision of energy, water and 
other natural resources 

4.6 Impact of synthetic chemicals 

4.7 Life cycle analysis of: Newspaper, household 
consumables, house construction, transport, 
personal computer, cell phones, etc. 

5. Geosphere (Atmosphere, Hydrosphere, 

Lithosphere) 

5.1 Sustainable and non-sustainable use of 
renewable and non-renewable natural 
resources, such as water and minerals 

5.2 Changing patterns of land use and land cover 

5.3 Management of gaseous, solid, liquid and 
hazardous wastes 

5.4 Air, water (fresh and marine), soil pollution - 
sources and consequences 

5.5 Noise and radiation pollution - sources and 
consequences 

5.6 Ozone layer depletion and its effect 

5.7 Greenhouse effect; global warming and climatic 
change and its effects 

5.8 Disasters - natural (earthquakes, droughts, 
floods, cyclones, landslides) and man-made 
(technological and industrial); their impact 
on the environment; prevention, control and 
mitigation 

5.9 Strategies for reducing pollution and improving 
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the environment 


6. Biosphere (Ecosystems and Biological 
Population) 


6.1 Sustainable and non-sustainable use of 
biological populations 

6.2 Sustainable agriculture 

6.3 Impact of Genetically Modified Organisms 

6.4 Deforestation, overgrazing, over fishing 

6.5 Concept and value of biodiversity 

6.6 Components of biodiversity - genes, species, 
and ecosystems 

6.7 Landscape ecology 

6.8 India as a mega diversity nation 

6.9 Economic potential of biodiversity 

6.10 Loss of biodiversity - threatened, endangered 
and extinct species 

6.11 Strategies for conservation of biodiversity - in 
situ and ex situ 

6.12 Mitigating the people-wildlife conflict 


7. Energy, Material, Information Flows 


7.1 Changing global patterns of energy and water 
consumption - from ancient to modern times 

7.2 Energy and water consumption and quality of 
life 

7.3 Rising demand for energy, and water, gap 
between demand and supply (Indian context) 

7.4 Conventional and non-conventional energy 
sources - potential (Indian context) and 
limitations of each source, methods of 
harnessing and environmental consequences 
of their use with special reference to Indian 
context 

7.5 Energy conservation - efficiency in production, 
transportation and utilisation of energy 

7.6 Planning and management of energy; future 
sources of energy - hydrogen, alcohol, fuel 
cells 

7.7 Enhancing efficiency of devices and optimising 
energy utilisation 

7.8 Modern Information Communication Technology 
Revolution and environment 
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Projects and Activities 


In addition to this class-room teaching emphasising a 
systems perspective, the students should engage in first 
hand investigation in the form of projects. To permit 
students to undertake an in-depth study, it is proposed 
that the students undertake a single environment 
oriented project over the two-year period of Classes XI 
and XII. This project, to be internally evaluated, should 
carry substantial marks, such as 25 or 50; and these 
marks should be indicated on the marks card. Apart 
from submission of the project to the school in written 
form, attempts should be made to upload these projects, 
along with names of students and teachers involved and 
the marks given, on a website. Many schools now have 
their own websites and these could serve as vehicles for 
building up our knowledge resources on environment. 
Additionally, special portals may be developed to 
facilitate access to such material. Such public exposure 
would promote higher quality of projects as well as 
more effective evaluation. In the long run, the data so 
uploaded should be pooled together to create a public, 
transparent database on India’s environment, which 
would become an important resource for creating 
environmental awareness, as well as to promote further 
projects involving an in-depth analysis of the data. 

The student projects may include one or more of 
the following components (a) primary collection of data, 
(b) analysis of secondary data, and (c) mathematical 
modelling. The students should have the option of 
undertaking either individual or group projects. The 
group projects may involve institutional level activities 
such as recycling of waste paper or water conservation. 
They should be encouraged to devise projects that would 
involve collaboration across different subjects such as 
biology and mathematics, or better still build bridges 
between social and natural sciences. The projects 
could even involve collaboration between students from 
different schools. 

We list below a series of exemplar projects that are 
appropriate to students with a diversity of interests 
ranging over mathematics, natural sciences, social 
sciences, humanities, and arts. The students can choose 
any project of their interest irrespective of their subjects 
of study. Of course, teachers and students may plan 
and design projects and activities appropriate to the 


ANNEXURE-I 269 


local situations, available resources, and environmental 
issues of concern. 


List of Exemplar Project 


The student projects may involve primary collection of 
data, analysis of secondary data, and/or mathematical 
modelling. These projects should enable students not 
only to go in depth into some specific issue, but also 
to better appreciate the overall context in a holistic 
perspective. Thus, a project may involve (a) collection of 
primary data on underground water table, rock types, 
and densities of bore wells, (b) collation of this data 
to reveal spatial — temporal patterns, and (c) relating 
this information to hydrological models to generate 
new knowledge. However, in addition to undertaking 
a specific project, such as on lowering of underground 
water table, the students should be strongly encouraged 
to situate the specific investigation in the context of the 
broader systems perspective. For instance, the level of 
underground water table may be influenced by growth 
of urban settlements, by policies such as free supply 
of electricity for irrigation pump sets, by technologies 
permitting lifting of water table from great depths, by 
destruction of natural vegetation impacting percolation 
to ground water, and so on. Thus, projects should serve 
not only to generate some in depth understanding of 
specific issues, but also to better appreciate the overall 
context in a holistic perspective. 

Almost all project suggested can be used to generate 
data for the region/state/India therefore, wherever 
possible the projects done in the students’ locality can 
be pooled to generate data for the whole district/city. 
If possible such data can be further pooled to generate 
data for the state/country. 

The projects and activities given below are only 
suggestive and not prescriptive. The transaction module 
for environmental education for higher secondary stage 
gives full details of all aspects of this syllabus. 
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Projects 


1. People and Environment 


1.1 Humans as an Integral Part of Environment 


1.1.1 Interdependence of humans and their 
environment make an inventory of all the 
food, clothing, energy, air, water and other 
material resources (such as ingredients 
of buildings, household goods, transport 
vehicles), as well as non-material resources 
(such as open spaces, parks, entertainment 
obtained from television, movie, sports and 
other outdoor activities) utilised by people of 
the study locality. 


Find out which all localities, near and far, 
serve as sources of these resources, the 
biological species and ecosystems that 
contribute to these resources, how human 
use of these resources impact them. Assess 
how far it would be possible to sustain 
lives of people of your locality without 
these components. What happens if plants 
disappear, birds vanish, soil erodes? 


1.2 Growth in Human Numbers over 
Historical Times 


1.2.1 Study of changes in population patterns 
and their impact on natural resources 


Find out how the place where you live now 
was classified earlier (village, town, city)? 
What was the population then and now? 
Is this town or city an ancient, medieval, 
or modern town? Explore the history of 
the place; speak to elders of your locality. 
Explore the changes in its land use, water 
bodies, and forest. 


1.3 Migrations of People 


1.3.1 Study of migrants and their impact on the 
environment 
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Collect information on number, sex, age of 
family members (including domestic workers, 
and service providers such as vegetable and 
fruit sellers, etc.) in your locality. Find out 
the place of origin of the men and women in 
each family, the reasons for migration. Were 
they attracted by high levels of some natural 
resources of their destination? Did they leave 
because of natural resource degradation in 
their original place? Analyse the data to see 
their impacts on the local environment. 


1.3.2 Colonisation of Andaman and Nicobar 
Islands 


Reconstruct the history of colonisation of 
some of the Andaman and Nicobar Islands 
from interviews of old inhabitants and trace 
the course of environmental changes. Did 
this colonisation involve some degradation 
of environment and adverse impact on the 
original inhabitants that could have been 
avoided? 


1.4 Dispersion of Human Populations 


1.4.1 Study of topography and making maps of 
the region. 


Compare maps for the town/city, including 
air photos and satellite imagery where 
available, from the earliest to the latest 
available. What are the changes—in water 
bodies, in land use, etc.? What could be the 
reasons for the changes? Identify commercial 
areas, residential areas, recreational areas, 
slums, industrial areas. Do distinct patterns 
emerge? (e.g., location of slums in low-lying 
areas). What could be the reasons? 


1.5 Rural and Urban Settlements 


1.5.1 Correlation between population and water 
use pattern 
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1.5.4 


1.5.5 


Find out the correlation between population, 
economic status and water use pattern in 
your locality by collecting data. 


Assessment of alternative building material 


Study the use of various building materials, 
e.g., thatched, bamboo, mud, stone, 
reinforced cement concrete (RCC), brick/ 
mortar, aluminium steel and glass. Try to 
find out the impact of these materials on the 
environment. 


Documentation of local biodiversity. 


Study bats, birds, snakes, lizards, amphibians, 
mammals by looking into their nesting and 
roosting locations, types of preferred trees, 
buildings, sites etc. 


Influence of architecture on wildlife 


Study the nesting places for birds or rock 
bees as a result of architectural features, 
overhangs and niches. 


Study of the change in architecture on bird 
life 


Study the changes in the building 
architecture and the nesting places of birds. 
Find out the impact of the changes in the 
architectural features on the nesting habits 
of birds. 


1.6 Environment and Health 


1.6.1 
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Study of natural drainage patterns in your 
locality with respect to flooding. 


Study how the obstruction or alteration 
of the natural drainage patterns in urban 
areas leads to inundation and creates 
conditions for epidemics. Observe where 
flooding happens, assess where the water 
came from, and what were the changes 


1.6.2 


1.6.3 


1.6.4 


that caused this, such as paving, filling of 
ponds, reclamation of low-lying areas for 
real estate, etc. Collect information from 
local health authorities on the cases of 
various epidemics and see whether there is 
any correspondence between the two. 


Study of different herbs and shrubs used in 
treating the diseases of cattle 


Interview the local veterinary doctor/ 
traditional healer and record the type of 
cattle disease that are prevalent in the 
locality and the type of medicines that are 
used to treat the disease. 


Drugs and decline of vultures 


Interview the local veterinary doctors, dairy 
proprietors and cattle owners, NGOs and 
individuals in your locality and find out the 
drugs that are used to treat various diseases 
in the cattle. Find out if there is a decline in 
the numbers ofscavenging birds, particularly 
vultures in the locality and outside. Is there a 
relationship between the drugs administered 
to the cattle and the number of vultures? 
Find out the drug, which is responsible for 
the decline of vultures. 


Study of environmental degradation on the 
health of people 


Interview women/men,  doctors/health 
workers in your locality and find out the 
types of diseases (age and sex wise), the 
frequency of their occurrence. Relate this 
data with that of environmental quality of 
water and air (pollution in particular). Also, 
relate this information with that of work 
pattern (cooking, washing, harvesting, etc.) 
of both women and men. 
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1.7 Gender and Environment 


1.7.1 


1.7.2 


1.7.3 


Study the roles of men and women in crop 
production 

Find out the type of work done by women 
and men in the crop production and the 
duration, starting from the land preparation 
to marketing of crops. What is the type 
of technology used in each of the crop 
production process? 


Study the perceptions of women and men 
with reference to the trees 

Find out the trees species which women and 
men prefer and the reasons for it. 


Study the harvest pattern of Non Timber 
Forest Produce (NTFP) by women and men 
Find out the types and the quantity of NTFPs 
harvested by women and men, methods 
of harvesting and the end use. In which 
seasons do they harvest? 


2. Institutions (Social, Economic, 
Political, Legal, Cultural) and 
Environment 


2.1 Evolution of Technology, Social, Economic 
and Political Organisation and Growing 
Resource Demands 


2.1.1 
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Study of influence of media on learning 
environmentally conscious behaviour 
Examine a set of randomly selected television 
advertisements on three different channels 
of your choice. Analyse the messages 
that are being communicated. How does 
this relate to promotion of consumerism, 
conspicuous consumption versus 
environmental conservation. Interview as 
many friends and relatives as you can, 
and ask them the same question. How do 
all these media mould your behaviour? 


2:2 


2.1.2 


Study the trend in the use of natural/ 
synthetic fibres in your locality. 


Prepare a folio of the various types of natural 
and synthetic fibres and fabrics used in 
your locality by collecting materials from 
the local garment shops and tailors. From 
various sources of information including the 
Internet, find out when a particular fibre/ 
fabric first came into use. Trace the history 
of these fibre/fabrics and study how their 
usage has changed over time and highlight 
their impact on the environment. 


Impact of Economic Growth on 
Environment 


2.2.1 


2.2.2 


2.253 


Study of the impacts in terms of benefits 
and losses for any developmental project in 
your area. 


Choose any developmental project in your 
area (e.g., projects related to roads, power, 
irrigation, watershed, social forestry etc.); 
study the economic, socialand environmental 
dimensions of the project. 


Study the impact of the implementation 
of any component of 5 year plan for your 
State. 


Review the 5 year plan of any one sector (e.g., 
forest, water, health, sanitation, ecotourism, 
etc.) of the State. Study the implications 
from economic, environmental, and societal 
points of view. 


Study the impact of on tourism and 
environment 


Visit any region/area of tourism (health 
tourism, sports tourism, ecotourism, 
pilgrimage) and analyse the impacts on 
environment using appropriate data and 
methods of analysis. 
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2.2.4 Computerised Database Management and 
public amenities 


Select a few public amenities and Civic Bodies 
who have got external fund support for any 
environmental project. Study and analyse 
the current accounting pattern. Prepare a 
dummy account for the development activity 
and study its impact on environment 


2.3 Inequitable Economic Growth, Poverty 
and Environment 


2.3.1 Study of Poverty reduction programmes of 
the country and their success. 


List various poverty reduction programmes 
of the country, document the salient 
features. Select the programmes that were 
implemented in your region /state and 
analyse each programme in terms of its 
environmental implications. How can these 
programmes perform better in terms of their 
environmental impacts? 


2.3.2 Study of pattern of subsidy on any natural 
resource and its impact on the environment 


Study the pattern of subsidy on any 
natural resource, such as urban water 
supply, or supply of pesticides to farmers, 
in your region/state with special reference 
to your locality and analyse the impact on 
environment. 


2.3.3 Study of equity and natural resource use 


Study how one may move towards an 
equitable distribution of available natural 
resources. Consider different communities 
in your area and analyse them for different 
modes, levels and ethics of resources use. 
Try to evolve a mechanism by which you 
feel, balanced and equitable distribution 
of available natural resources can be 
achieved. 
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2.4 


2.5 


India as a Country Where many Different 
Modes of Resource use Co-exist 


2.4.1 


2.4.2 


Study of livelihood strategies of different 
communities 


Study the livelihood strategies of a cross- 
section of people from the poorest and least 
educated to wealthiest and most highly 
educated in your locality and analyse how 
they relate to the local base of natural 
resources. 


Study of the attributes of members of 
different eco-resource user groups: 


Assign people of your locality to different eco- 
resource user groups on the basis of their 
relationship with different natural resources. 
Compare input from the representatives of 
different groups with respect to attributes 
such as number of life forms known to 
them, levels of use of water, levels of use of 
different ecological habitats, levels of use of 
different bio-resources for various purposes 
like cooking, house construction, medicines, 
and religious observances. 


Open Access, community controlled, Private 
and State Management of Resources 


2. Salt 


Study of common property resources and 
values of people across various stages of 
life. 


Visit any open, environmentally satisfying 
place of your choice (park, lake, hill top) for 
at least two weeks, devote a few hours at 
a particular time of the day to observe the 
comings and goings of people in the area. 
Interview them to find their ages, sex, means 
of livelihood activity and the psychological 
need that the place seems to satisfy 
for them. 
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2.5.2 


2.5.3 


Study of importance of common property 
resource. 


Organise debates on topics like “Village, 
forests/ grazing lands are important to 
protect as a Common Property Resource”. 
Analyse the different views and draw 
conclusions. 


Study of impact of under priced/free 
environmental goods on the environment. 


Survey your locality and identify under priced 
or free environmental goods (air, water, fire 
wood etc.). Analyse consumer pattern and 
behaviour with respect to these goods. 


2.6 Evolution of Environmental Concerns in 
Different Societies over the Course 
of History 


2.6.1 


2.6.2 


2.6.3 
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Study of pressure groups in policy making. 


Study the role and leverage of various 
pressure groups (NGOs, Trade Unions, 
Farmers groups, corporate houses, 
industrial associations—CII, FICCI, etc.) in 
formulation and implementation of policies 
of environmental significance at levels local, 
district, state and central Government. 


Study of environmental impact of elections 


Study of impact of conducting election on 
the environment in terms of extra resource 
consumption, migrant population, etc. by 
doing case studies, collecting information 
from media. 


Study of the political parties and the green 
manifesto 


Find out the regional and the national parties 
having manifestoes related to environmental 
conservation. Analyse how they are being 


implemented? 


2AT 


2.6.4 


2.6.5 


2.6.6 


Study of the programmes related to 
environment 


Interview Corporate or Panchayat president 
of your area and find out the type and 
number of programmes directly related 
to environment and also the programmes, 
which have environmental concerns. Analyse 
how they are being implemented? 


Study of initiatives of local-self governments 
in planning 


Choose a village/block, carry out a survey 
to understand the environmental issues and 
concerns of the area. Interview concerned 
elected representatives and administrative 
personnel to understand how the Panchayati 
Raj Institutions are implementing measures 
to protect the environment. 


Study of informal institutions/local 
panchayats on environmental management 
in your locality 


Chose a village/hamlet (including tribal and 
fishing villages) and find out the informal 
institutions/local panchayats working for 
environmental conservationand management. 
How long have these institutions/ local 
panchayats been existing? How do these 
institutions/ local panchayats work? 


India’s Manifold Traditions of Conservation 
and Sustainable Use 


2. pA 


2.7.2 


Study of folksongs related to the environment 
in your locality 


Visit any village of your locality and identify 
the folk songs: when they are sung and their 
significance as far as the environment is 
concerned 


Study of the indigenous musical instruments 
of India 


TEACHERS’ HANDBOOK ON ENVIRONMENTAL EDUCATION 


2.7.3 


2.7.4 


2.7.5 


2.7.6 
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Prepare an inventory of indigenous 
musical instruments in India, according to 
geographic region, materials used across 
geographical regions e.g., Shagun and 
bamboo from North East, gourds from 
Bengal, and find out whether there has been 
a change in the material used and what 
could be the reasons for this. Analyse the 
environmental implications of the change in 
the use of materials. 


Study of variety of dance in your locality and 
the materials used during dances 


Some of the dance forms such as the 
Kathakali, Yakshagana, Chhau, Nukkad- 
natak use masks. Find out how these are 
made, what material do they use, what kinds 
of colours are used — whether the colours 
are natural or not. Has there been any 
change in tradition over time. Analyse the 
environmental implications of the change in 
the use of colouring materials. 


Study of the socio-political and cultural 
contexts of composition of folk songs of your 
region 


Learn about association of folk songs of 
your region with nature. Understand the 
socio-political and cultural contexts of the 
period when the songs were composed and 
rendered. 


Study of puppetry 


For your region find out about types of 
puppetry and materials used for telling 
stories relating to environment. 


Study of folk culture 


Identify traditional poems, folk songs, 
proverbs in the language of your region 
conveying environmental associations, 
knowledge, and wisdom. 


2.7.7 


2.718 
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Study of temple structure from the point of 
view of environmental influence 


Visit a site in your region, which has temple 
sculpture; understand the choice of material, 
what influenced the use of this material 
and the form of the sculptures etc. Was 
environmental iconography used in these? 
Is there any conservation effort and what is 
the process? 


Study of festivals related to harvesting 


Observe rituals and festivals and their 
significance at the time of tilling, sowing 
and harvesting; type of food prepared; their 
ingredients; plants/and their types (grass/ 
flowers/grains/fruits) that are used in these 
rituals and festivals. 


Study of village or locality for cultural 
practices 


Identify three communities; write about 
their ‘culture’ in terms of what is most 
evident to you. Explore their food habit, 
festivals observed, clothes worn, prevalent 
folklore, etc. Also document tree/plant 
species available in their houses and find if 
any pattern emerges. 


2.7.10 Study of local rituals 


2.7.11 


Study a local ritual such as the marriage 
ceremony in your community and document 
various rituals and ceremonies and their 
relationship if any with associated natural 
and domesticated biodiversities of the 
region. 


Study of local festivals and their impact on 
environment 


Study a local festival such as Ganesh 
Chaturthi, Durga Pooja, Ramzan, 
Christmas, Guruparv, Buddha Purnima 
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and Mahveer Jayanti, etc., or even a local 
temple festival. Observe the rituals and their 
impact on the environment (Idol immersion 
in the tank, waste disposal etc.). Plan an 
environmentally friendly way of dealing with 
the situation without compromising on the 
religious principles /belief. 


2.8 Growth of Environmental Regulation From 
Nature Worship, Customary Law to Wildlife 
Act, Forest ConservationAct, Environmental 
Impact Assessment, Biological Diversity 
Act, etc. 


2.8.1 


2.8.2 


2.8.3 


2.8.4 
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Study of traditional practices of nature 
conservation 


Document the extent of protection extended 
to different species of trees (e.g., peepal), 
animals (e.g., monkeys, nilgai or peafowl), 
or habitats such as sacred groves and river 
pools on the basis of religious beliefs in your 
locality. 


Study of what constitutional principles 
mean to a common man 


Looking around you, try to find out what 
constitutional principles relating to care of 
the environment mean to a common man. 


Study of the Indian constitution with respect 
to environmental conservation principles 


Study the Indian constitution and find out the 
principles with respect to environment and 
conservation. Study some of the constitutions 
of other countries and find out how many 
of them have environmental conservation 
principles in their constitution. 


Study of the Earth Charter 

Study the Earth Charter. How many of the 
principles given in the Earth Charter are 
implemented in your locality by the local 
government, NGOs and individuals? How 


2.9 


2.8.5 


2.8.6 


2.8.7 


would you redraft the earth charter if you 
were asked to do so? 


Implications of environment related laws 


Collect information from books/other 
sources including the internet/Visiting 
State Pollution Control Boards and Effluent 
Treatment Plants, the various laws related 
to air, water and soil pollution. Selecting 
any two fabrics/materials find out the 
various pollutants produced during their 
manufacture and production. Correlate the 
industrial processes with the environment 
related laws. 


Study of Wildlife Act and the implications of 
this Act 


Make a list of the wildlife products (e.g., fur, 
feather, wool, hide, etc.) used in the fashion 
industry. Consult the Wildlife Act and see the 
implications of this Act for these products. 
Communicate your learning by designing 
a campaign. 


Study of environment and the Right to 
Information Act 


Apply for some environment related 
information, under the Right to Information 
Act and document the experience and 
the outcome. 


Tools of Environmental Management, 
Efficiency of Resource Use, Sustaining 
Harvests, Pollution Control 


2.9.1 


Forest working plans and sustainable yields 


Examine the working plans of some 
particular Forest Division in conjunction 
with annual administrative reports and 
assess the extent to which the objective of 
deriving sustainable yields was achieved. 
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2.9.2 Forest based industry project reports 


Examine the project reports of some 
particular Forest based industry and 
assess the extent to which the objective of 
conserving the watershed was achieved. 
Compare the projected with the realised 
siltation rates. 


2.9.3 Detailed Project Report (DPR) of river valley 
projects 


Examine the detailed project reports of some 
particular river valley project and assess the 
extent to which the objective of conserving 
the watershed was achieved. Compare the 
projected with the realised siltation rates. 


2.9.4 Study of the resource use pattern in an 
industry in your locality 


Choose any industry in your locality 
(including the small scale and the cottage 
industries) and find out the product that 
they manufacture and the rate of production 
per day. Which are the resources used in 
the manufacturing process and quantity 
used per day including type and quantity of 
energy used ? What technologies are used in 
the manufacturing process ? How efficient 
are they ? 


2.9.5 Study of waste management in an industry 


Choose any industry in your locality 
(including the small scale and the cottage 
industries) and find out the product that they 
manufacture and raw materials used. Study 
the waste (solid and liquid) management 
system including the reduction of waste. 


2.10 Concept of Sustainable Development 
2.10.1 Analysis of Five Year Plans 
Analyse the last two Five Year Plans of 


your state for some selected sector such as 
water resources or fisheries or any other 
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sector and assess the extent to which these 
address the objective of sustainable use and 
development. 


2.11 Concept of Sustainable Consumption 


2.11.1 


2.11.2 


Economic growth and demands for water, 
energy 


Assess how the per capita demands for water 
and energy have been changing in your 
locality from records of electrical and water 
meters. Is such consumption sustainable? 


Study of compliance of pollution control 
measures in industry 


In a manufacturing industry in your area, 
study the amount of natural resources 
including water consumed and the amount 
of effluent or solid waste produced. Study 
the methods of their disposal and find out 
how far the disposal adheres to the legal 
provisions in the pollution control act. 


2.12 International Economic Regimes, 
Forces of Globalisation 


21 2 


2. 122 


Study of impact of globally consumed 
consumer goods on the environment. 


Select any consumer good of a global brand 
(coca cola, sports shoe, etc.). Compile 
information on the range of social and 
environmental issues associated with their 
production. Analyse the impacts on the 
environment. 


Study of globalisation and its impact on 
biodiversity. 


Select case studies on globalisation and 
its impact on biodiversity, e.g., herbal 
medicines. Analyse the impacts from the 
economic and environmental point of view. 
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2.13 International Regimes of 
Environmental Regulation, Law of 
Sea, Transboundary Movement of 
Hazardous Wastes, etc. 


2.13.1 Study of Carbon credits 


Examine an Indian project formulated with 
the objective of claiming carbon credits as 
visualised in the Kyoto Protocol. 


3. Knowledge, Science, Technology 
and Environment 


3.1 Growth of Knowledge and Human 
Colonisation of New Environments 


3.1.1 Study of how permanent camps at Siachen 
glacier are maintained 


Find out the technological measures deployed 
to enable maintenance of permanent camps 
at the Siachen Glacier, various research 
laboratories e.g., CFTRI (Mysore), have 
developed various technologies to support 
this. 


3.2 Growth of Knowledge and Use of Newer 
Resources 


3.2.1 Study of the products and services based on 
traditional knowledge 


Make an inventory of products and services 
based on traditional knowledge, such 
as herbal home remedies and botanical 
extracts for crop management, which 
may have economic value and study the 
markets. Gather information about these 
products. How can these be produced, and 
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value addition, if any, which could be done. 
Compare these from the sustainable point 
of view with modern products. 


3.2.2 Study of technologies in deep sea oil drilling 


Reconstruct the history of deployment of 
modern technologies to use newer resources 
such as oil from Bombay High and other 
offshore fields and impact of deep sea oil 
drilling on environment. 


3.3. Growth of Knowledge, Control of Diseases 
and Population Growth 


3.3.1 Control of malaria and agricultural 
colonisation 


Reconstruct the history of agricultural 
colonisation on erstwhile endemic malarial 
areas such as Bastar, Terai, and Wynaad. 


3.4 Implications of Intellectual Property Rights 
for Environment 


3.4.1 Case study related to Intellectual Property Rights 


Conduct a series of interviews to assess 
people’s perceptions of Intellectual Property 
Rights over living organisms, in particular, 
how this relates to management of neem 
trees, haldi, basmati etc. 


3.5 Biotechnology, Agriculture, Health and 
Environment 


3.5.1 Case study related to Biodiesel projects 


Examine the implications of on-going 
biodiesel projects such as Jatropha 
plantations programmes for biodiversity, as 
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well as availability of fuel, fodder and other 
biomass resources for local people. 


3.6 Intellectual Property Rights Over Living 
Organisms 


3.6.1 


Study of Convention on Biological Diversity 
(CBD) and Biological Diversity Act 


Examine the provisions of sovereign rights 
over biodiversity resources for country of 
origin India’s biological diversity act and 
the on-going process of implementation 
of the relevant provisions by the National 
Biodiversity Authority with benefit sharing 
to indigenous knowledge. 


4. Human-made Artefacts and 
Environment 


4.1 Technological Advances and Ever 
Accelerating pace of Manufacture of 
Artefacts 


4.1.1 


4.1.2 


ANNEXURE-I 


Study of the disposal of mobile phones 


Estimate the growth in numbers of mobile 
phones in use in your city, their obsolescence 
and practices of disposal. What are the 
environmental implications? 


Study of the disposal of electronic waste in 
your locality 


Choose an industry that produces electronic 
products or a shopping complex where 
electronic waste is high. Study the disposal 
mechanisms such as recovery of metals, 
reusing discs as reflectors and so on. 


4.2 


4.3 


Impact of Agriculture, Horticulture, Animal 
Husbandry, Aquaculture 


4.2.1 


4.2.2 


4.2.3 


4.2.4 


Study of the implication of use of fertilisers 
and pesticides 


Compile data from a large agricultural 
area on the type, quantity, and frequency 
of fertilisers and pesticides applied in the 
fields and make an assessment of their 
implications for water and soil pollution. 


Study of role of insects and birds. 


Identify and determine role of insect and 
bird pollinators in and around the school. 
Document and monitor useful insects 
such as natural enemies of crop pests, 
decomposers, scavengers, etc., in cultivated 
patches around the school. 


Study of inorganic and organic farming 


Compare between inorganic and organic 
farming done in your neighbourhood from 
biodiversity and productivity points of view. 


Study of impact of organic produces. 


Gather information on organic produce 
that are available in your area/region and 
study the markets and incentives for such 
produces. Survey consumer awareness 
regarding these produces and the growth of 
green consumerism. 


Impact of Agrochemicals on Environment 


4.3.1 


Study of the reduction in populations of 
non-target organisms 


Survey the literature to identify which non- 
target organisms, such as _ insectivorous 
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birds and lizards, grainivorous birds and 
may have declined due to use of pesticides. 
Interview knowledgeable people and amateur 
bird-watchers to find out if they report such 
decline. 


4.4 Impact of Industry, Mining, Transport 


4.4.1 Explore an enterprise involving products 
and services so as to ensure sustainability 
using life cycle assessment method 


Identify a particular enterprise to study 
the enterprise for products, services and 
the process. Develop resource-audit of the 
enterprise to understand inefficiency in 
resources consumption, if any. Develop a 
plan toensureefficientresource consumption 
including points of improvement. 


4.4.2 Study of environment friendly products or 
environment friendly services: 


Document case studies of an entrepreneur 
producing environment friendly products/ 
providing environmental services or of 
entrepreneur activity group such as eco- 
housing construction, organic farming etc. 


4.4.3 Study of impact of an enterprise on local 
environment 


Identify a particular category of enterprise 
present locally. Study the benefits (job, 
availability of products, per capita income) 
and harm (pollution over consumption etc.), 
if any, to the locally available resources. 
Analyse different enterprises in terms of 
benefits and harm. Link with local Chambers 
of Commerce and Industry, Asia Productivity 
Organisation and the Greening the Industry 
Network to obtain their inputs for such 
a study. 
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4.4.4 


4.4.5 


4.4.6 


4.4.7 


4.4.8 


Study of the impact of mining activity on the 
local environment 


Study the benefits of the mining activity 
(jobs: gender-wise, products, per capita 
income, infrastructure) in your locality. Find 
out the problems (pollution of air, water, 
deforestation, resource availability for day- 
to day survival, health hazards). Compare 
the benefits and problems and find out if the 
activity is sustainable over the long term. 


Study of the impact of quarrying on the local 
environment 


Study the benefits of quarrying (jobs: 
gender-wise, products, per capita income, 
infrastructure) for the local community. 
Find out the problems (pollution of air, 
deforestation, resource availability for day- 
to-day survival, health hazards). Compare 
the benefits and problems and find out if the 
activity is sustainable over the long term. 


Study of impact of development of an 
industry on environment 


Identify a particular business in an area with 
a view to find out the impact of the business 
on the environment, by studying the resource 
dependency and over consumption and their 
impact on the immediate environment. 


Study of waste generated by a local enterprise 
(hotel/tourism/ production unit) 


Visit any local enterprise collect information 
on types and amounts of waste generated 
and their disposal. 


Study of services with environmental impact 
and entrepreneurship 


Explore the services that have an 
environmental impact and can also lead 
to entrepreneurship. Identify a particular 
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service that has an adverse environmental 
impact. Study the service. Develop a plan 
to reduce the environmental impact of the 
service. (Example: in waste management 
through reducing, reusing, recycling). 
Develop a business plan incorporating plans 
to reduce the bad environmental impacts. 


4.5 Generation and Provision of Energy, Water 
and Other Natural Resources 


4.5.1 


4.5.2 


4.5.3 


Study of air pollution due to thermal power 
stations 


Study the emissions from a thermal power 
plant and how these affect air quality. How 
is flyash disposed? Is it being put to uses 
such as production of bricks? 


Study of Pumping ground water for urban 
settlements 


How much ground water is being pumped 
out to support demands of housing societies 
in your city? Is it leading to a fall in ground 
water level? If so, at what rate? 


Study of pumping of water for irrigation 


How much ground water is being pumped 
out to support demands of irrigation in your 
village? Is it leading to fall in ground water 
level? If yes, at what rate? 


4.6 Impact of Synthetic Chemicals 


4.6.1 


ANNEXURE-I 


Study of various preservation practices used 
for garments 


Find out by interviewing people in the locality, 
as well as from other sources such as books, 
Internet etc., the various preservation 


4.7 


4.6.2 


4.6.3 


Life 
AP N 


practices used for garments made out of 
various fabrics. Classify preservatives into 
natural (orange peels, neem leaves, etc.) 
and synthetic (naphthalene balls) ones. 
Carry out a survey to find out the frequency 
of their use. Find out their impact on the 
environment. 


Study of natural dyes used in the cottage 
textile industry 


List various types of natural dyes that are 
used at household levels in dyeing textiles. 
List the plants, minerals from which they are 
derived and discuss the process involved. 


Study of environmental impact of fibres 


Collect cloth from the local tailor. Choose 
one synthetic and one natural fabric. Find 
out the environmental impacts of each these 
fabrics in terms of choice of raw material/ 
resources used as a source of cultivation/ 
production of the fibres for the fabrics 
(plant, animal, petroleum, pesticides, etc.); 
the various chemicals used as part of the 
production process (energy - electricity, 
fuels, water, etc.); the various pollutants 
produced (air, water and soil). Collect data 
from primary or secondary sources. 


Cycle Analysis 


Life cycle analysis 


Undertake life cycle analysis of items, 
which are used in your household such 
as a newspaper, consumable articles some 
transport vehicles, personal computers, cell 
phones, etc. 
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5. Geosphere (Atmosphere, Hydrosphere, 
Lithosphere) 


5.1 Sustainable and Non-Sustainable Use of 
Renewable and Non-Renewable Natural 
Resources, Such as Water and Minerals 


5.1.1 Comparative study of traditional water 
harvesting structures with dams 


Undertake a study of advantages/ 
disadvantages of traditional water 
harvesting structures such as irrigation 
tanks of Mysore plateau, Tamilnadu 
plains/Rajasthan State etc., compared 
to larger scale dams. 


5.1.2 Study of relevance of long-range 
meteorological forecasts 


Follow newspaper reports, over a period of 
a few months, on government plans and 
preparedness in floods due to monsoon at 
local, state and national levels. 


5.1.3 Fluctuation of water table in the locality. 


Collect data on the depth of water from a few 
bore wells around your school. Do this once 
a week over a continuous period of time. 
Draw conclusions on reasons for the water 
level fluctuations, with time. 


5.1.4 Study of cloud pattern and rainfall pattern 
Observe, sketch, identify and keep a record 
of different types of clouds during different 
seasons formed in the area and identify 
which of these produced rains. 


5.1.5 Estimate of annual rainfall in the region 


Collect data on rainfall using rain gauge at 
the school in the monsoon season. Suggest 
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5.1.6 


5.1.7 


5.1.8 


BEZ9 


methods for rain water harvesting. Relate it 
to per unit area rainfall in the region where 
the school is located and assess how much 
rain water may be harvested. 


Study of physical properties of soil and its 
composition. 


Find the proportions of sand, silt and humus 
components in different types of soils and 
determine their physical properties like 
infiltration rates and densities, try to find if 
some correlation exists. 


Study the impact of rainfall on water bodies. 


Note the daily rainfall data and water levels 
of different wells and water bodies in your 
locality and examine if some correlation 
exists. 


Study of weather parameters along the 
coastal area. 


If the school is on the coast make a record 
of onset time of sea breeze on different days 
over a period of say 2-6 months. Measure 
the temperature, relative humidity and wind 
direction before and after the sea breeze 
begins. Make a weather chart using these 
data. 


Establish the flow volume in a stream 


Estimate the velocity of flow of water at 
a section of a rivulet where the depth is 
small and is measurable, by timing the 
movement of a floating object, over a known 
distance, when there is no appreciable wind. 
Estimate the average depth at the section 
by measuring depth at three or four points 
in the rivulet. With the width compute the 
area cross-section of flow and calculate the 
river discharge. Carry out this exercise over 
three or four different sections and with the 
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collected data, estimate the average volume 
of water flowing through the stream over a 
period of one day and show its variation with 
time. Plot the variation of flow with time. 


Note: (a) This project may be split into a number of 
components and may be carried out over a period of a few 
years by different batches of students. (b) As a precaution 
against accidents, a teacher must always accompany the 
student-team during visits for data collection. 


5.2 Changing Patterns of Land Use and Land 
Cover 


5.2.1 Impact of industry on local land use 


Study of the impact of a business house on 
local land use 


5.2.2 Compare erosion patterns 


Compare the erosion pattern of local water 
channels with and without tree cover. 


5.3 Management of Gaseous, Solid, Liquid and 
Hazardous Wastes 


5.3.1 Study of solid waste disposal in your 
locality 


Examine the system of solid waste 
disposal of your locality. To what extent 
are biodegradable and non-biodegradable 
wastes segregated? To what extent are the 
wastes recycled? Where are the landfills for 
solid waste disposal? Are there any conflicts 
with local residents? 


5.3.2 Study of disposal of biomedical wastes from 
hospitals 


Examine the system of disposal of wastes 
from health centres/hospitals in your 
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neighbourhood. How well does it deal with 
health hazards? 


5.4 Air, Water (Fresh and Marine), Soil 
Pollution — Sources and Consequences 


5.4.1 Study of economic impacts of poor 
infrastructure facilities 


Conduct a survey in a nearby locality with 
poor water and sanitation infrastructure (for 
example, a slum, or a village). Find out the 
number of work days lost because of water- 
borne diseases (for example, diarrhoea). 
Convert this into monetary terms (for 
example, loss of daily wages) and extrapolate 
to calculate the loss to the district or state. 


5.4.2 Study of the waste disposal pattern of the 
Indian railway network 


Document waste disposal into the 
environment by the Indian railway 
network: types of waste and its disposal 
and impact on environment. 


5.4.3 Study of pathogens in mineral water bottles 
available at railway station, bus station etc. 


Test water samples for pathogens of different 
makes of mineral water bottles at railway 
stations and bus stands. Compare your data 
with tap water of the area. 


5.4.4 Study of impact of fuel use on environment 


Collect information on the amount of 
fuel used (petrol, diesel, wood, kerosene, 
cooking gas, etc.) in the last one year in your 
household. Estimate the amount of carbon 
monoxide and carbon dioxide released to 
the atmosphere. 


5.4.5 Study If the school is in a city with 
chemical industries, visit the industry 
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5.4.6 


5.4.7 


5.4.8 


5.4.9 
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and collect information on the amount of 
resources consumed and the waste products 
produced during the last one year. How are 
the different effluents disposed off ? 


Study of impact of household chemicals on 
the environment 


List out twenty chemicals and chemical 
materials that you use in your house. 
(Soap, cosmetics, phenyl, iodized salt, etc.) 
Survey and find out their impact on the 
environment. Devise a programme to create 
awareness in the locality about the impact 
of any one of these. 


Study of the impact of use of scientific/ 
engineering goods in day-to-day life on the 
environment 


Identify various  scientific/engineering 
appliances you use for daily use (mixer, 
water heater, solar cooker, radio, TV, 
remote control, mobile phone etc.) Select 
any two and study their impact on the 
physical and social environment. 


Study of impact of different colouring 
materials on the environment 


What are all the colours you come across in 
day to day life? What impact do the various 
colouring agents/materials have on the 
immediate and distant environment? 


Study of the impact of fruit juice vendors on 
the environment 


Observe a fruit juice vendor’s activity for 
two hours. List all that impresses you and 
all that you did not appreciate from the 
health point of the user. Advise the vendor 
about environmental impact of the different 
activities involved. 


5.5 


5.4.10 Study of the relation of pollution at a traffic 


5.4.11 


5.4.12 


5.4.13 


signal with weather 


Choose appropriate variables to see relation 
between pollution and weather at a traffic 
signal. 


Study of life cycle of certain chemicals 


Visit any local automobile service station 
or machine shop and find out the ways in 
which different type of lubricants, oils are 
put to use including their recycling and 
disposal. Based on this data draw life cycles 
of such chemicals. 


Impact of plastic bags on health of urban/ 
rural cattle 


Consult veterinarians of your locality to find 
out about morbidity and mortality of cattle 
of your area due to plastic bag and garbage 
ingestion. 


Study of quality of water of your locality 


Measure the quality of water in your locality 
by selecting any definite parameter. Measure 
this parameter over a period of time and 
find out the changes in water quality of your 
locality. 


Noise and Radiation Pollution — Sources 
and Consequences 


5.971 


Study of relation between traffic density and 
seasons 


Choose a parameter such as time taken to 
travel a definite distance for a defined place 
at different times of the day and at different 
seasons of the year. Analyse the data and 
draw relationship between traffic density 
(congestion) and extent of noise pollution 
with time of the day and season of the year. 
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5.5.2 Study of noise pollution at an industrial location 


Collect data on sound using a standard sound 
level meter for 15 days from an industrial 
location near your school. Compare the 
observations with information on permissible 
noise level. Draw conclusions based on your 
observation. 


5.5.3 Study of Disposal of radioactive wastes from 
nuclear plants 


Examine the documented system of disposal 
of radio-active wastes from India’s nuclear 
plants. How well does it deal with potential 
hazards to human health? 


5.6 Ozone Layer Depletion and Its Effect 


5.6.1 System perspective on refrigeration 


Explore the linkages of refrigeration to 
the many different components of the 
physical-biological-social-economic-political- 
technological system: consumers who enjoy 
the benefits of refrigeration, industry involved 
in production of refrigeration, businesses 
engaged in distribution and marketing, 
raw materials and energy that go into 
refrigeration processes, by-products and 
solid, liquid, and gaseous wastes generated 
in manufacture, distribution and use of 
refrigeration, impacts of the wastes on the 
biospehere, atmosphere (including the 
ozone layer), hydrosphere and solid earth, 
and on energy and material cycles and so on. 


5.7 Greenhouse Effect; Global Warming and 
Climatic Change and its Effects 


5.7.1 Methane production by cattle 


Estimate through field measurements the 
amount of methane produced by cattle 
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5.8 


of your locality. Extrapolate this to the 
country as a whole and assess its role as a 
greenhouse gas. 


Disasters—Natural(Earthquakes, Droughts, 
Floods, Cyclones, Landslides) and Man- 
made (Technological and Industrial); Their 
Impact on the Environment; Prevention, 
Control and Mitigation 


5.8.1 


5.8.2 


5.8.3 


5.8.4 


Study of Landslides 


Map landslide prone areas, note their 
attributes, and assess the social-economic- 
political-technological-environmental 
consequences of the landslides. 


Study of the impact of natural disasters on 
the environment 


Find out the impact of natural disasters 
such as earthquake, storms and cyclones, 
floods, droughts (whichever is applicable 
to your locality) on the natural resource 
(forest produce, agricultural produce, 
aquatic produce such as fish, mollusks) 
availability, accessibility and use. How does 
this impact the livelihood of people? 


Study ofthe impact of human-made disasters 
on health 


Find out the impact of human-made 
disasters such as gas leaks, oil leaks, nuclear 
accidents (whichever is applicable to your 
locality) on the health of people, plants and 
animals and environment (soil, water, air). 


Study of aid/resource management after 
disaster 

If your area suffered any disaster in recent 
past, analyse the aid management and the 
resource use efficiency. 


TEACHERS’ HANDBOOK ON ENVIRONMENTAL EDUCATION 


5.9 Strategies for Reducing Pollution and 
Improving the Environment 


5.9.1 


Study of CNG fuel for vehicles 


Assess the environmental, economic, and 
social impact of switch from petrol-diesel to 
CNG for buses, taxis, and autorikshaws. 


6. Biosphere(Ecosystems and Biological 
Populations) 


6.1 Sustainable and Non-sustainable Use of 
Biological Populations 


6.1.1 


6.1.2 


6.1.3 


ANNEXURE-I 


Study of impact of non-marketed medicinal 
herb/ product. 


Devise a method to cost a non-marketed 
medicinal herb/product (such as tulsi) and 
analyse the impact of its consumption on 
the environment. 


Study of Non-timber Forest Produce (NTFP) 
marketing and their impact on environment. 


Select five Non-timber Forest Produce such 
as wild honey, mahua, tendu patta, amla, 
shikakai that are collected in your locality 
or nearby locality. Find out the quantity 
produced (if possible), quantity collected 
season-wise. Trace the path of these NTFPs 
from the collection point to the market and 
economics of it. 


Study of the traditional/indigenous practices 
of NTFP harvesting 


Document the traditional practices of NIFP 


harvesting and its impact on the sustainable 
production. Also study the traditional system 


of benefit sharing. 


6.2 


Sustainable Agriculture 


6.2.1 


6.2.2 


6.2.3 


6.2.4 


Use of biological control agents against crop 
pests and diseases 


In consultation with technical experts, 
identify the most promising biological 
control agents against common crop pests 
and diseases of your locality, and methods 
of their mass multiplication. Organise a 
programme of the mass multiplication of 
some of these agents in your school. Release 
these agents on fields of interested farmers 
and monitor their efficacy. 


Study of water harvesting and management 
in agricultural farms 


Study the different types of traditional water 
harvesting structures in the agriculture farms 
and their management by collecting information 
from the farmers/parents or the elders from the 
village by visiting them if possible. 


Study of insects in the agricultural field 


Observe different types of insects in the 
agriculture fields of your region, and classify 
them according to whether they are prey or 
predators and their association with the food 
plants. Meet the farmers and agriculture 
officers and find out how the multi-cropping 
systems of agriculture serve to reduce the 
incidence of pests and insects. 


Study of common weeds 


Visit the agricultural field of your region; 
collect information about the common weeds 
prevalent there. Collect more information 
from books, teachers and other sources 
about the weeds, especially with respect 
to de-weeding pattern and health hazards. 
Are some of these weeds used as green leafy 
vegetables? Organise club or group activities 
to help in eradication of undesirable weeds. 
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6.2.5 


6.2.6 


Study of pollination 


Determine the identity of pollinators of 
common trees, shrubs and herbs, and crops 
in your area. Investigate their ecology and 
behaviour. 


Study of shifting cultivation 


Estimate the area under shifting cultivation 
in your locality. Select one village and 
document management practices, crops 
grown, and its impact on soil erosion and 
wild biodiversity. 


6.3 Impact of Genetically Modified Organisms 


6.3.1 


Study of growing of Bt-cotton 


Study the experience of growing of Bt-cotton 
in your area. Did it lead to much lower use 
of insecticides, how good were the yields, 
what were the profit/loss achieved by the 
farmers? 


6.4 Deforestation, Over-grazing, Over-fishing 


6.4.1 


6.4.2 


ANNEXURE-I 


Study of changes in the forest cover 


Collect data at certain time intervals on 
Forest cover of your district, state and India. 
Organise and analyse this data and find out 
the qualitative and quantitative changes in 
the forest cover. 


Study of fishing practice of your region 
Interview fishermen, preferably those using 
non-mechanised crafts, on the changing 


scenario of availability of fish over the years. 
Identify the causes and consequences of 


these changes. 


6.5 


6.6 


Concept and Value of Biodiversity 


6.5.1 


People’s perceptions of value of biodiversity 


Interview a cross-section of people of your 
region, following a diversity of livelihood 
strategies, regarding the value they assign 
to different elements of biodiversity such as 
tulsi, banyan, amla, tendu monkey, pigs, 
tiger and nilgai etc. Interpret the emerging 
patterns. 


Components of Biodiversity—Genes, 
Species, and Ecosystems 


6.6.1 


6.6.2 


6.6.3 


Listing of life forms known to people 


Make a list of life forms known to people, 
with their names in both local language, 
taxonomic categories and size ranges. 
Study the distribution of this knowledge 
of life forms in relation to people’s 
livelihood strategies, age, gender, and 
education. Verify how many of the names 
they report are recorded in the standard 
dictionaries of the concerned language. 


Study of biodiversity during different seasons 


Selecta nearby agricultural field, observe and 
document the behaviour and the activities 
of different insects, birds, snakes and frogs 
visiting the field during different seasons. 
Draw a food chain using the record. 


Study of biodiversity elements in school. 
Document and develop inventory of selected 


biodiversity elements in the school campus 
or in surrounding areas. 
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6.6.4 


Study of growth of plants 


Simulate a simple phenomenon like plant 
growth by assuming very simple functional 
relationship of growth and time and compare 
it with actual growth. Determine dry mass 
of different components of plants such as 
roots, stems, leaves, fruits at its different 
stages for different species and compare. 
Draw some relationship if possible. 


6.7 Landscape Ecology 


6.7.1 


6.7.2 


Plotting of tree covers 


Using Google Earth images of urban/semi- 
urban landscapes, plot tree cover and its 
decline with various land use practices. 


Study of local landscape 


Make a list of landscape element (LSE) types 
and sub types occurring in your locality. 
Prepare a topological, (not necessarily 
geometric and to scale), participatory map 
of current landscape and that of ten years 
ago. Compare these and prepare a matrix of 
LSE type transformations. Rank LSE types 
and individual landscape elements in terms 
of values assigned by people. 


6.8 India as a Mega Diversity Nation 


6.8.1 


ANNEXURE-I 


Richness of India’s biodiversity 


Compare the number of species found in 
your locality. From lists of birds compiled by 
amateur bird watchers with similar lists for 
some European cities, explore the reasons 
behind this high level of biodiversity in 
India. 


6.9 


6.8.2 


Study of economic impact of home garden 


List the number of home gardens in your 
locality and document plant diversity, the 
nature and extent of biomass harvested and 
its contribution in the annual income of the 
households. 


Economic Potential of Biodiversity 


6.9.1 


6.9.2 


6.9.3 


6.9.4 


Study of medicinal plant trade 


Compile information on transported out of 
medicinal plants from forested/rural areas 
and their import and processing in towns and 
cities. How many species are involved? How 
many of these are cultivated, and how many 
collected from the natural populations? On 
the basis of interviews of knowledgeable 
individuals of your locality, record how the 
availability of various species has changed 
over time. As far as possible find out end 
uses of these species. 


Study of role of forests in livelihood 


Document the practice of supply from forest 
and safety of forests in your locality and 
examine the role they play in livelihood of 
the people and conservation of biodiversity. 


Study of economic impact of bamboo 


Document the species of bamboo grown in 
your locality. List various usages of each of 
them and estimate the annual income derived 
by households from various products. 


Study of the eco-tourism aspects in a natural 
habitat 


List the indicators of a good eco-tourism. 
Select a wild life sanctuary/bird sanctuary/ 
national park/wetland area/river valley 
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near your locality. Collect information on the 
type of tourism that operates there which 
may include the type of accommodation 
(concrete structure, local materials), use of 
facilities (TV, radio), energy use (renewable/ 
non-renewable), awareness and education, 
conduct of the tourists, benefits to local 
communities and so on. Find out if the 
tourism is environmentally friendly based 
on the indicators of eco-tourism. 


6.10 Loss of Biodiversity—Threatened, 
Endangered and Extinct Species 


6.10.1 


6.10.2 


ANNEXURE-I 


Study of rare, endangered and threatened 
bird species 


Obtain lists of rare, endangered and 
threatened bird species of your area. On 
the basis of interviews of knowledgeable 
bird-watchers of your locality, record what 
is known of changes in the occurrence and 
abundance of various bird species. Find 
out the preferred habitats of these species 
and try to observe at first hand some of the 
concerned species. 


Study of rare, endangered and threatened 
species of medicinal plants 


Obtain lists of rare, endangered and 
threatened medicinal plant species of 
your region. On the basis of interviews of 
knowledgeable botanists, and traders and 
manufacturers of Ayurvedic medicines, find 
out which of these species are found in your 
area in the wild, cultivated by farmers or are 
brought to your area from outside by traders 
and manufacturers of Ayurvedic medicines 
into your area. Find out the preferred 
habitats of the species occurring in the wild 
and try to observe at first hand some of the 
concerned species. Try to obtain samples of 
cultivated and traded species. 


6.11 Strategies for Conservation of Biodiversity — 
in situand Ex situ 


6.11.1 


Study ofthe socio-economic and conservation 
impact of centrally sponsored scheme 


Study the socio-economic and conservation 
impacts of various centrally sponsored 
plantations undertaken in your locality. 


6.12 Mitigating the People—Wildlife Conflict 


6.12.1 


6.12.2 


6.12.3 


Wild pigs—people conflict 


Interview a cross-section of people of your 
village as to the population of wild pigs in 
their locality, the nuisance they may cause, 
economic losses suffered, peoples perception 
of the legal provisions against their hunting 
in the wild life act. Control measures and 
compensation packages in place, their 
perception of the efficacy of the current 
management and their prescriptions as to 
how these conflicts should be resolved. 


Monkeys — people conflict 


Interview a cross-section of people of your 
village/city as to the population of monkeys 
in their locality, the nuisance this may cause, 
economic losses suffered, control measures 
in place, their perception of the efficacy of the 
control measures and their prescriptions as 
to how these conflicts should be resolved. 


Stray dogs — people conflict 


Interview a cross-section of people of your 
village/city as to the population of stray 
dogs in their locality, the nuisance this may 
cause, current practices of managing stray 
dogs including sterilisation, their perception 
of the efficacy of the control measures and 
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their prescriptions as to how the stray dogs 
problem be managed. 


7. Energy, Material, Information Flows 


7.1 Changing Global Patterns of Energy and 
Water Consumption—from Ancient to 
Modern Times 


7.1.1 


7.1.2 


Study of history of energy use for cooking 


Interview a cross-section of old inhabitants of 
your area to reconstruct the history of different 
forms of energy used for household cooking, 
their sources and costs over the last 50 or 
more years. Interpret the changing patterns. 


Study of history of water use for irrigation 


Interview a cross-section of old inhabitants 
of your locality to reconstruct the history 
of different sources of water used for crop 
irrigation, their availability, and costs over 
the last 50 or more years. Interpret the 
changing patterns. 


7.2 Energy and Water Consumption and 
Quality of Life 


7.2.1 


ANNEXURE-I 


Study of domestic water supply and quality 
of life 


Interview a cross-section of people of your 
area, including those who do not have a 
water supply tap in their residence, as to 
the sources of domestic water used, their 
availability, and their quality. Compute the 
time spent of different family members in 
relation to procurement of domestic water 
and amount of water consumed by the 
household. Analyse in terms of age and 


7.2.2 


7.2.3 


7.2.4 


gender the relative contribution of different 
family members in this respect. Interpret 
the emerging patterns. 


Study of domestic cooking practices and 
quality of life 


Interview a cross-section of people of your 
area as to the sources of energy and the 
devices employed (mud chula, gas stove, 
microwave oven, etc.) in cooking at home 
and how this affects the quality of air in 
the kitchen and rest of house, the amount 
of time and energy expended of different 
members of the household in relation to 
cooking and the overall quality of life. 


Study of indoor air pollution on health of 
women 


Find out the level of carbon dioxide, carbon 
monoxide and the particulate matter around 
the cooking area (direct measurement using 
air samplers or indirectly using the available 
data) in some of the rural households 
where firewood is used for cooking activity. 
Interview cooks (mostly women ) of the same 
households to find out their health status. 
Relate the two information and draw your 
conclusion. 


Assessment of expenditure on energy 
consumption with the help of monthly tariff 


Select any institution or office premise (with 
a monthly electricity consumption more than 
2000 units). Analyse electricity bills of the 
last 24 month and prepare a comparative 
statement. Prepare a combined graph. Draw 
conclusions in terms of rising need from the 
point of view of impact on the environment. 
Select premises with varying amenities (at 
least five). Prepare a computer database 
about the water usage, energy usage, use of 
appliances and infrastructure improvement 
in the last five years. Prepare an annual and 
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monthly expenditure on water energy and 
infrastructure maintenance. Based on this 
draw conclusion from the point of view of 
impact in the environment. 


7.3 Rising Demand for Energy and Water, 
Gap Between Demand and Supply 
(Indian Context) 


-dl 


Study of History of power cuts 


Interview a cross-section of people of your 
area as to the history of availability of electric 
power for various purposes (domestic lighting, 
crop irrigation, industrial production) and the 
extent power cuts imposed and their impact on 
quality of life as well as economic productivity. 
How do people respond to power cuts, e.g., by 
installing diesel gensets, and what are the 
environmental consequences? 


7.4 Conventional and Non-conventional Energy 
Sources—Potential (Indian Context) and 
Limitations of Each Source, Methods 


of 


Harnessing and Environmental 


Consequences of Their Use With Special 
Reference to the Indian Context 


7.4.1 


7.4.2 


ANNEXURE-I 


Study of impact of a hydroelectric station 


If the school is near a hydroelectric station, 
Visit the station, collect information on 
resourcesconsumedandamountofelectricity 
produced, the rate of sedimentation during 
the year etc. Try to estimate how long will 
the dam last before filled with sediments? 


Study of cost of using solar heater 
Analyse whether it is economical to use 


solar heaters, and estimate the payback 
time, by calculating the initial cost, interest 


7.9 


if any, depreciation of the unit, versus cost 
of electricity saved. 


Energy Conservation—Efficiency 
in Production, Transportation and 
Utilisation of Energy 


rors | 


7.5.2 


To measure the fuel efficiency of different 
wood burning stoves for cooking. 


Measure the fuel efficiency of different wood 
burning stoves used for cooking. Stoves may 
include traditional and improved designs 
such as that of Swosthee, Astra Stove, 
Sarala Stove (IISc, Bangalore), Nada Stove 
(Haryana), Priagni ( CPRI), MNES of Govt. of 
India. 


Study of energy efficient lamps 


Measure the energy use efficiency of different 
lighting devices in house holds, institutions, 
industrial units. Interview a cross-section 
of people using electricity for lighting as to 
why they use lights of a particular design, 
and merits/ demerits of the more energy- 
efficient versions. 


7.6 Planning and Management of Energy; 
Future Sources of Energy - Hydrogen, 


Alcohol, Fuel Cells 


m6.1 


History of fuel use efficiency of automobiles 


On the basis of records available with car 
manufacturers/workshops/experts docu- 
ment the improvement in kilometres per liter 
of petroleum consumed by different makes 
of cars over an extended passage of time. 
Analyse how the improvements have been 
achieved and what further improvements 
are likely over the next decade. 
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7.7 Enhancing Efficiency of Devices and 
Optimising Energy Utilisation 


7.7.1 


T-1.2 


Study of Public versus private transport 


Assess the number of person-kilometres 
covered per day by the population ofyour area. 
What are the modes of transport currently 
used and the energy consumed. Develop 
alternative scenarios of totally private, totally 
public, or a mix of private and public transport 
and their social, economic, technological and 
environmental implications. 


Bicycles 


Assess the number of person-kilometres 
covered per day by the population of your 
village/city. Construct a scenario where 
the only modes of permissible transport 
would be either on foot, or by bicycles. Work 
out the social, economic, technological, 
and environmental implications of such a 
scenario. 


7.8 Modern Information Communication 
Technology Revolutionandthe Environment 


7.8.1 


7.8.2 


ANNEXURE-I 


Computers and environment 


What are the environmental consequences 
of enterprises engaged in scavenging usable 
components from imported obsolescent 
computers? 


Web based databases on Indian 
environment 


Review the current status of web-base 
databases on Indian environment. How 
good is the quality of the data available? 
What are the major gaps? How may the gaps 


be filled? 


